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FOREWORD 

The RCA Receiving Tube Manual, like its 
preceding editions, has been prepared especially to 
assist those who work or experiment with radio tubes 
and circuits. 

The information and technical data presented in 
this book were selected after careful consideration of 
their usefulness in the field of radio-tube applica- 
tions. While the form, in general, follows that of 
the previous editions, it will be found that many 
additions and numerous revisions have been made. 

Material fox the individual All-Metal types and 
glass-bulb types is arranged in numerical-alpha- 
betical sequence, starting on page 40. Information 
for octal-base glass-bulb types is given on page 188 
and, for recently added All-Metal and Glass types, 
on page 192. 

This Manual will be found valuable by radio ser- 
vice men, radio technicians, experimenters, radio 
amateurs, and all others technically interested in 
radio tubes. 

RCA Manufacturing Company, Inc. 



Commercial Engineering Section 
Harrison, New Jersey 



Copyright, 1937 
by 

RCA MANUFACTURING CO., Inc. 
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Electrons and Electrodes 

The radio tube is a marvelous device. It makes possible the performing of 
operations, amazing in conception, with a precision and a certainty that are 
astounding. It is an exceedingly sensitive and accurate instrument — the product of 
coordinated efforts of engineers and craftsmen. Its construction requires materials 
from every corner of the earth. Its use is world-wide. Its future possibilities, even 
in the light of present-day accomplishments, are but dimly foreseen, for each 
development opens new fields of design and application. 

ELECTRONS 

A radio tube consists of a cathode, which supplies electrons, and one or more 
additional electrodes, which control and collect these electrons, mounted in an 
evacuated envelope. The envelope may be a glass bulb, or it may be the more 
compact and efficient metal shell. 

The importance of the radio tube lies in its ability to control almost instantly 
the flight of the millions of electrons supplied by the cathode. It accomplishes this 
with a minimum of control energy. Because it is almost instantaneous in its action, 
the radio tube can operate efficiently and accurately at electrical frequencies much 
higher than those attainable with rotating machines. 

All matter exists in the solid, liquid, or gaseous state. These three forms of 
matter consist entirely of minute divisions known as molecules. Molecules are 
assumed to be composed of atoms. According to a present accepted theory, atoms 
have a nucleus which is a positive charge of electricity. Around this nucleus revolve 
tiny charges of negative electricity known as electrons. Scientists have estimated 
that these invisible bits of electricity weigh only 1/46 billion, billion, billion, 
billionths of an ounce, and that they may travel at speeds of thousands of miles 
per second. 

Electron movement may be accelerated by the addition of energy. Heat iB one 
form of energy which can be conveniently used to speed up the electron. For 
example, if the temperature of a metal is gradually raised, the electrons in the metal 
gain velocity. When the metal becomes hot enough to glow, some electrons may 
acquire sufficient speed to break away from the surface of the metal. This action 
is utilized in the radio tube to produce the necessary electron supply. 

CATHODES 

A cathode is an essential part of a radio tube, since it supplies the electrons 
necessary for tube operation. In general, heat is the form of energy applied to the 
cathode to release the electrons. The method of heating the cathode may be used 
to distinguish between the different forms of cathodes. For example, a directly 
heated cathode, or filament-cathode, is a wire heated by the passage of an electric 
current. An indirectly heated cathode, or heater-cathode, consists of a filament, or 
heater, enclosed in a metal sleeve. The sleeve carries the electron-emitting material 
on its outside surface and is heated by radiation and conduction from the heater. 
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A filament, or directly heated cathode, may be further classified by identifying 
the filament or electron-emitting material. The materials in regular use are tungsten, 
thoriated-tungsten, and metals which have been coated with alkaline-earth oxides. 
Tungsten filaments are made from the pure metal. Since they must operate at high 
temperatures (a dazzling white) to emit sufficient electrons, a relatively large amount 
of filament power is required. Thoriated-tungsten filaments are drawn from 
tungsten slugs which have been impregnated with thoria. Due to the thorium, these 
filaments liberate electrons at a more moderate temperature (a bright yellow) and 
are, therefore, much more economical of filament power than are pure tungsten 
filaments. Alkaline earths are usually applied as a coating on a nickel alloy wire 
or ribbon. This coating, which is dried in a substantial layer on the filament, 
requires only a very low temperature (a dull red) to produce a copious supply of 
electrons. Coated filaments operate very efficiently and require relatively little 
filament power. However, each of these cathode materials has special advantages 
which determine the choice for a particular application. 




OIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES 

(FILAMENT TYPE ) (HEATER TYPE) 



Directly heated filament-cathodes require comparatively little heating power. 
For that reason, they are used in almost all the tube types designed for battery 
operation because it is, of course, desirable to impose as small a drain as possible on 
the batteries. Examples of the battery-operated filament types are the 30, 31, 32, 
33, and 34. A-c operated types having directly heated filament-cathodes are the 
2A3 and 45. 

Heater, or indirectly heated cathodes, comprise an assembly of a thin metal 
sleeve coated with emitting material and a heater contained within and insulated 
from the sleeve. The heater is made of tungsten wire and is used only for the 
purpose of heating the sleeve and its coating to an electron-emitting temperature. 
The tungsten wire is operated at a moderate temperature and supplies the energy 
for heating the sleeve. 

The heater-cathode construction is well adapted for use in radio tubes intended 
for operation from a-c power lines. The use of separate parts for emitter and 
heater functions, the electrical insulation of the heater from the emitter, and the 
shielding effect of the sleeve may all be utilized in the design of the tube to prevent 
the a-c heater supply from causing hum. From the viewpoint of circuit design, the 
heater-cathode construction offers advantages in connection flexibility due to the 
electrical separation of the heater from the cathode. Another advantage of the 
heater-cathode construction is that it permits a rectifier tube to be designed with 
closer spacing between the cathode and plate, and an amplifier tube with closer 
spacing between the cathode and grid. In a rectifier tube, this results in less voltage 
drop in the tube and improved regulation; in an amplifier tube, it results in an 
increase in the gain obtainable from the tube. Because of the advantages of the 
heater-cathode construction, almost all present-day tubes designed for a-c operation 
have heater-cathodes. 
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DIODES 

Electrons are of no value in a radio tube unless they can be put 
to work. A radio tube is designed with the necessary parts to provide 
and to utilise the electron flow. These parts consist of a cathode and 
one or more supplementary electrodes. The simplest form of radio 
tube contains two electrodes, a "cathode" and a "plate," and is often 
called a "diode," the family name for two-electrode tubes. filament 

The electrodes are enclosed in an evacuated envelope with the necessary 
connections brought out through air-tight seals. The air is removed from the 
envelope to allow free movement of the electrons and to prevent injury to the 
emitting surface of the cathode. When the cathode is heated, electrons leave the 
cathode surface and form an invisible cloud in the space around it. Any positive 
electric potential within the evacuated envelope will offer a strong attraction to the 
electrons (unlike electric charges attract; like charges repel). In a diode, the 
positive potential is applied to the second electrode, known as the anode, or plate. 
The potential is supplied by a suitable electrical source connected between the plate 
terminal and a cathode terminal. Under the influence of the positive plate potential, 
electrons flow from the cathode to the plate and return through the external plate' 
battery circuit to the cathode, thus completing the circuit. This flow of electrons is 
known as the plate current and may be measured by a sensitive current-meter. 

If a negative potential is applied to the plate, the free electrons in the space 
surrounding the cathode will be forced back to the cathode, and no plate current 
will flow. Thus, the tube permits electrons to flow 
from the cathode to the plate but not from the plate 
to the cathode. If an alternating voltage is applied 
to the plate, the plate is alternately made positive 
and negative. Plate current flows only during the 
time when the plate is positive. Hence the current 
through the tube flows in one direction and is said 
to be rectified. Diode rectifiers are used in a-c 
receivers to convert a.c. to d.c. for supplying "B," 
"C," and screen voltages to the other tubes in the 
receiver. Rectifier tubes may have one plate and 
one cathode. The 1-V and 12ZJ are of this form 
and are called half-wave rectifiers, since current can 
flow only during one-half of the alternating-current 
cycle. When two plates and one or more cathodes 
are used in the same tube, current may be obtained 

on both halves of the a-c cycle. The 5Z4, 80, and 5Z3 are examples of this type 
and are called full-wave rectifiers. 

Not all of the electrons emitted by the cathode reach the plate. Some return 
to the cathode while others remain in the space between the cathode and plate for 
a brief period to form an effect known as space-charge. This charge has a repelling 
action on other electrons which leave the cathode surface, and impedes their passage 
to the plate. The extent of this action and the amount of space-charge depend on 
the cathode temperature and the plate potential. The higher the plate potential, the 
less is the tendency for electrons to remain in the space-charge region and repel 
others. This effect may be noted by applying increasingly higher plate voltages to 
a tube operating at a fixed heater or filament voltage. Under these conditions, the 
maximum number of available electrons is fixed, but increasingly higher plate 
voltages will succeed in attracting a greater proportion of the free electrons. 

Beyond a certain plate voltage, however, additional plate voltage has little effect 
in increasing the plate current. The reason is that all of the electrons emitted by 
the cathode are already being drawn to the plate. This maximum current is called 
saturation current, and because it is an indication of the total number of electrons 
emitted, it is also known as the emission current, or, simply, emission. Tubes are 
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sometimes tested by measurement of their emission 
current. However, in this test it is generally not 
feasible to measure the full value of emission because 
this value would be sufficiently large to cause change 
in the tube's characteristics, or to damage the tube. 
For that reason, the test value of current in an emission 
test is less than the full emission current. However, 
this test value is larger than the maximum value which 
will be required from the cathode in the use of the 
tube. The emission test, therefore, indicates whether 
the tube's cathode can supply a sufficiently large 
number of electrons for satisfactory operation of the 
tube. 

If space charge were not present to repel electrons coming from the cathode, 
it follow* that the same plate current could be produced at a lower plate voltage. 
One way to make the effect of space charge small is to make the distance between 
plate and cathode small. This means is used in rectifier types, such as the 83-v and 
the 25ZJ, having heater-cathodes. In these types the radial distance between 
cathode and plate is only about two hundredths of an inch. Another means for 
reducing space-charge effect is utilized in the mercury-vapor rectifier types, such as 
the 83. This tube contains a small amount of mercury, which is partially vaporized 
when the tube is operated. The mercury vapor consists of mercury atoms permeating 
the space inside the bulb. These atoms are bombarded by the electrons on their 
way to the plate. If the electrons are moving at a sufficiently high speed, the 
collisions will tear off electrons from the mercury atoms. When this happens, the 
mercury atom is said to be "ionized," that is, it has lost one or more electrons and, 
therefore, is charged positive. Ionization, in the case of mercury vapor, is made 
evident by a bluish-green glow between the cathode and plate. When ionization 
due to bombardment of mercury atoms by electrons leaving the filament occurs, the 
space-charge is neutralized by the positive mercury ions so that increased numbers 
of electrons are made available. A mercury-vapor rectifier has a small voltage drop 
between cathode and plate (about 15 volts). This drop is practically independent 
of current requirements up to the limit of emission of electrons from the filament, 
but is dependent to some degree on bulb temperature. 



TRIODES 

When a third electrode, called the grid, is placed between the cathode and 
plate, the tube is known as a triode, the family name for three-electrode tubes 
The grid usually is a winding of wire extending the length of the cathode. The 
spaces between turns are comparatively large so that the passage of electrons from 
cathode to plate is practically unobstructed by the turns of the grid. When the 
tube is used as an amplifier, the grid is usually operated at a negative voltage so 
that it repels the electrons and therefore does not draw appreciable current. 

The purpose of the grid is to control plate current. With a negative voltage 
on the grid, the grid exerts a force on electrons in the space between cathode and 
grid. This force drives the electrons back to the cathode. In this way, the 
negatively charged grid opposes the flow of electrons to the plate. When the voltage 
on the grid is made more negative, the grid exerts a stronger 
repelling force on the electrons and plate current is decreased. 
When the grid voltage is made less negative, there is less repelling 
force exerted by the grid and plate current increases. Hence, 
when the voltage on the grid is varied in accordance with a 
signal, the plate current varies with the signal. Because a small 
voltage applied to the grid can control a comparatively large 
amount of plate current, the signal is amplified by the tube. 
Typical three-electrode tube types are the 6C5, 76, and 2A3. 

The grid, plate, and cathode of a triode form an electrostatic system, each 
electrode acting as one plate of a small condenser. The capacitances are those 
existing between grid and plate, plate and cathode, and grid and cathode. These 
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capacitances are known as interelectrode capacitances. Generally, the capacitance 
between grid and plate is of the most importance. In high-gain radio-frequency 
amplifier circuits, this capacitance may act to produce undesired coupling between 
the input circuit, the circuit between grid and cathode, and the output circuit, the 
circuit between plate and cathode. This coupling is undesirable in an amplifier 
because it may cause instability and unsatisfactory performance. 

TETRODES 

The capacitance between grid and plate can be made small by mounting an 
additional electrode, called the screen, in the tube. With the addition of the screen, 
the tube has four electrodes and is, accordingly, called a 
tetrode. The screen is mounted between the grid and the 
plate and acts as an electrostatic shield between them, thus 
reducing the grid-to-plate capacitance. The effectiveness of 
this shielding action is increased by connecting a by-pass 
condenser between screen and cathode. By means of the 
screen and this by-pass condenser, the grid-plate capacitance 
of a tetrode is made very small. In practice, the grid-plate 
capacitance is reduced from an average of 8.0 micromicrofarads (/t/if) for a triode 
to 0.01 /i/if or less for a screen-grid tube. 

The screen has another desirable effect in that it makes plate current practically 
independent of plate voltage over a certain range. The screen is operated at a 
positive voltage and, therefore, attracts electrons from the cathode. But because of 
the comparatively large space between wires of the screen, most of the electrons 
drawn to the screen pass through it to the plate. Hence the screen supplies an 
electrostatic force pulling electrons from the cathode to the plate. At the same 
time the screen shields the electrons between cathode and screen from the plate so 
that the plate exerts very little electrostatic force on electrons near the cathode. 
Hence plate current in a screen-grid tube depends to a great degree on the screen 
voltage and very little on the plate voltage. This holds true only as long as the 
plate voltage is higher than the screen voltage. The fact that plate current in a 
screen-grid tube is largely independent of plate voltage makes it possible to obtain 
much higher amplification with a tetrode than with a triode. The low grid-plate 
capacitance makes it possible to obtain this high amplification without plate-to-grid 
feedback and resultant instability. Representative screen-grid types are the 32 
and 24-A. 

PENTODES 

In all radio tubes, electrons striking the plate may, if moving at sufficient speed, 
dislodge other electrons. In two- and three-electrode types, these vagrant electrons 
usually do not cause any trouble because no positive electrode other than the plate 
itself is present to attract them. These electrons, therefore, are eventually drawn 
back to the plate. Emission from the plate caused by bombardment of the plate by 
electrons from the cathode is called secondary emission, because the effect is 
secondary to the original cathode emission. In the case of screen-grid tubes 
(tetrodes), the proximity of the positive screen to the plate offers a strong attraction 
to these secondary electrons and particularly so if the plate voltage swings lower 
than the screen voltage. This effect lowers the plate current and limits the 
permissible plate swing for tetrodes. 

The plate-current limitation is removed when a fifth electrode, known as the 
suppressor, is placed in the tube between the screen and plate. The family name 
for five-electrode types is "pentode." The suppressor is usually connected to the 
cathode. Because of its negative potential with respect to the plate, it retards the 
flight of secondary electrons and diverts them back to the plate, where they cannot 
cause trouble. 

The suppressor is utilized in pentodes designed for two different functions. 
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In power output pentodes, the suppressor makes possible 
a large power output with high gain, due to the fact that 
the plate swing can be made very large. Tubes of this 
type are represented by the 6F6, 42, and 33. In radio- 
frequency amplifier pentodes, the suppressor permits of 
obtaining a high voltage amplification at moderate values 
of plate voltage. In fact, the plate voltage may be as low 
as, or lower than, the screen voltage without serious loss 
in the gain capabilities of this type. Representative of this type are the 6J7 and 6K7. 

A beam power tube makes use of a different method for suppressing secondary 
emission. In this tube there are four electrodes, a cathode, grid, screen and plate 
so spaced that secondary emission from the plate is suppressed without an actual 
suppressor. Because of the way the electrodes are spaced, electrons traveling to 
the plate slow down, when plate voltage is low, almost to zero velocity in a certain 
region between screen and plate. In this region the electrons form a stationary 
cloud, a space'charge. The effect of this space charge is to repel secondary electrons 
emitted from the plate and. thus cause them to return to the plate. In this way, 
secondary emission is suppressed. 

Another feature of the beam power tube is the low current drawn by the screen. 
The screen and the grid are spiral wires wound so that each turn of the screen is 
shaded from the cathode by a grid turn. This alignment of the screen and grid 
causes the electrons to travel in sheets between the turns of the screen so that very 
few of them flow to the screen. Because of the effective suppressor action provided 
by space charge and because of the low current drawn by the screen, the beam 
power tube has the advantages of high power output, high power sensitivity, and 
high efficiency. The 6L6 is a beam power tube. 




INTERNAL STRUCTURE OF BEAM POWER TUBE 



MULTI-ELECTRODE and MULTI-UNIT TUBES 

In the initial period of tube development and application, tubes were of the 
so-called "general purpose type"; that is, a single tube type— a triode — was used as 
a radio-frequency amplifier, an intermediate-frequency amplifier, an audio-frequency 
amplifier, an oscillator, or as a detector. Obviously, with this diversity of application, 
one tube did not meet all requirements to the best advantage. 
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Later and present trends of tube design are the development of "specialty" 
types. These types are intended either to give optimum performance in a particular 
application or to combine in one bulb functions which formerly required two or 
more tubes. The first class of tubes includes such examples of specialty types as the 
6J7, 6L7, 6F6, and 6L6. Types of this class, in general, require more than three 
electrodes to obtain the desired special characteristics. Thus, they may be broadly 
classed as multi-electrode types. The 6L7 is an especially interesting type in this 
class. This tube has an unusually large number of electrodes, seven, exclusive of 
the heater. Plate current in the tube is varied at two different frequencies at the 
same time. The tube is designed primarily for use as a mixer in superheterodyne 
receivers. In this use, the tube mixes the signal frequency with oscillator frequency 
to give intermediate-frequency output. 

Tubes of the multi-electrode class often present interesting possibilities of 
application besides the one for which they are designed. The 6L7, for instance, 
can also be used as a variable-gain audio amplifier in such applications as a volume 
expander for a phonograph amplifier. The 6F6, besides its use as a power output 
pentode, can also be connected as a triode and used as a driver for a pair of 6L6's. 

The second class includes multiple-unit tubes such as the duplex-diode triodes 
6Q7 and 6R7, as well as the duplex-diode pentodes 6B8 and 6B7 and the twin 
Class B amplifier types 6N7 and 6A6. All of these types have two or more separate 
tube units. Related to this class are the electron-ray types, 6E5 and 6G5, which 
combine a triode amplifier with a fluorescent target. It is interesting to note that 
the 80 is one of the earliest illustrations of multi-unit tubes. 
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A third class combines features of each of the other two classes. Typical of 
this third class are the 6A8 and the 6A7 pentagrid-converter types. These tubes 
are similar to the multi-electrode types in that they have seven electrodes, all of 
which affect the same electron stream, and are like the multi-unit tubes in that 
they perform two functions (oscillator and mixer in a superheterodyne receiver) 
simultaneously. 
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Radio Tube Characteristics 

The term "CHARACTERISTICS" is used to identify the distinguishing 
electrical features and values of a radio tube. These values may be shown in curve 
form or they may be tabulated. When given in curve form, they are called 
characteristic curves and may be used for the determination of tube performance 
and the calculation of additional tube factors. 

Tube characteristics are obtained from electrical measurements of a tube in 
various circuits under certain definite conditions of voltages. Characteristics may 
be further described by denoting the conditions of measurements. For example. 
Static Characteristics are the values obtained with different d-c potentials applied 
to the tube electrodes, while Dynamic Characteristics are the values obtained with 
an a-c voltage on the control grid under various conditions of d-c potentials on the 
electrodes. The dynamic characteristics, therefore, are indicative of the performance 
capabilities of a tube under actual working conditions. 

Plate characteristic curves and transfer (mutual) characteristic curves both give 
information on static characteristics. These curves present the same information, 
but in two different forms to increase its usefulness. The plate characteristic curve 
is obtained by varying plate voltage and measuring plate current for different 
control'grid bias voltages, while the transfer-characteristic curve is obtained by 
varying control-grid bias voltage and measuring plate current for different plate 
voltages. A plate-characteristic family of curves is illustrated by Fig. 1. Fig. 2 
gives the transfer characteristic family of curves for the same tube. 




IBS IS5 200" 

PLATE VOLTS 

Fig. 1 



8 
















A 


ml 




Id 

K 6 








Li u 
<L 

2 








< 


















7 


t 




2 








u 
















s! 










K> 




6 




CRID VOLTS 




Fig. 2 



Dynamic characteristics include amplification factor, plate resistance, control- 
grid — plate transconductance and certain detector characteristics, and may be shown 
in curve form for variations in tube operating conditions. 

The amplification factor, or /i, is the ratio of the change in plate voltage to a 
change in control-electrode voltage in the opposite direction, under the condition 
that the plate current remains unchanged. For example, if, when the plate voltage 
is made 1 volt more positive, the grid voltage must be made 0.1 volt more negative 
to hold plate current unchanged, the amplification factor is 1 divided by 0.1, or 10. 
In other words, a email voltage variation in the grid circuit of a tube has the same 
effect on the plate current as a large plate voltage change — the latter equal to the 
product of the grid voltage change and amplification factor. The fi of a tube is 
useful for calculating stage gain, as discussed on page 15. 

Plate resistance (r p ) of a radio tube is the resistance of the path between 
cathode and plate to the flow of alternating current. It is the quotient of a small 
change in plate voltage by the corresponding change in plate current and is expressed 
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 
ampere) is produced by a plate voltage variation of 1 volt, the plate resistance is 
I divided by 0.0001, or 10000 ohms. 

Control-grid — plate transconductance, or simply transconductance (gm), is a 
factor which combines in one term the amplification factor and the plate resistance, 
and is the quotient of the first by the second. This term is also known as mutual 
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conductance. Transconductance may be more strictly defined as the ratio of a 
small change in plate current (amperes) to the small change in the control'grid 
voltage producing it, under the condition that all other voltages remain unchanged. 
Thus, if a grid-voltage change of 0.5 volt causes a plate-current change of 1 mil- 
liampere (0.001 ampere), with all other voltages constant, the transconductance is 
0.001 divided by 0.5, or 0.002 mho. A "mho" is the unit of conductance and was 
named by spelling ohm backwards. For convenience, a millionth of a mho, or a 
micromho, is used to express transconductance. So, in the example, 0.002 mho 
is 2000 micromhos. 

Conversion transconductance (s c ) is a characteristic associated with the mixer 
(first detector) function of tubes and may be defined as the quotient of the inter- 
mediate-frequency (i-f) current in the primary of the i-f transformer by the applied 
radio-frequency (r-f) voltage producing it; or more precisely, it is the limiting value 
of this quotient as the r-f voltage and i-f current approach zero. When the 
performance of a frequency converter is determined, conversion transconductance 
is used in the same way as control-grid — plate transconductance is used in single- 
frequency amplifier computations. 

Maximum peak inverse voltage characteristic of a rectifier tube is the highest 
peak voltage that a rectifier tube can safely stand in the direction opposite to that 
in which it is designed to pass current. In other words, it is the safe arc-back limit 
with the tube operating within the specified temperature range. Referring to Fig. J, 
when plate A of a full-wave rectifier tube is 
positive, current flows from A to C, but not from 
B to G, because B is negative. At the instant 
plate A is positive, the filament is positive (at 
high voltage) with respect to plate B. The voltage 
between the positive filament and the negative 
plate B is in inverse relation to that causing 
current flow. The peak value of this voltage is 
limited by the resistance and nature of the path 
between plate B and filament. The maximum 
value of this voltage at which there is no danger 
of breakdown of the tube is known as maximum 
peak-inverse voltage. The relations between peak 
inverse voltage, rms value of a-c input voltage 
and d-c output voltage depend largely on the 

individual characteristics of the rectifier circuit and the power supply. The presence 
of line surges or any other transient, or wave-form distortion may raise the actual 
peak voltage to a value higher than that calculated for sine-wave voltages. There- 
fore, the actual inverse voltage, and not the calculated value, should be such as not 
to exceed the rated maximum peak inverse voltage for the rectifier tube. A 
cathode-ray oscillograph or a spark gap connected across the tube is useful in 
determining the actual peak inverse voltage. In single-phase, full-wave circuits with 
sine-wave input and with no condenser across the output, the peak inverse voltage 
on a rectifier tube is approximately 1.4 times the rms value of the plate voltage 
applied to the tube. In single-phase, half-wave circuits with sine-wave input and 
with condenser input to the filter, the peak inverse voltage may be as high as 2.8 
times the rms value of the applied plate voltage. In polyphase circuits, mathemat- 
ical determination of peak inverse voltage requires the use of vectors. 

Maximum peak plate current is the highest peak current that a rectifier tube 
can safely stand in the direction in which it is designed to pass current. The safe 
value of this peak current in hot-cathode types of rectifiers is a function of the 
available emission and the duration of the pulsating current flow from the rectifier 
tube during each half cycle. In a given circuit, the actual value of peak plate 
current is largely determined by filter constants. If a large choke is used in the 
filter circuit next to the rectifier tubes, the peak plate current is not much greater 
than the load current, but if a large condenser is used in the filter next to the 
rectifier tubes, the peak current is often many times the load current. In order to 
determine accurately the peak current in any circuit, the best procedure usually is 
to measure it with a peak-indicating meter or to use an oscillograph. 




Fig. 3 
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Radio Tube Applications 

The diversified applications of a radio tube may, within the scope of this 
chapter, be grouped broadly into five kinds of operation. These are: Amplification, 
rectification, detection, oscillation, and frequency conversion. Although these 
operations may take place at either radio- or audio-frequencies and may involve the 
use of different circuits and different supplemental parts, the general considerations 
of each kind of operation are basic. 

AMPLIFICATION 

The amplifying action of a radio tube was mentioned under TRIODES, page 
8. This action can be utilized in radio circuits irl a number of ways, depending 
upon the results to be achieved. Four classes of amplifier service recognized by 
engineers are covered by definitions standardized by the Institute of Radio Engineers. 
This classification depends primarily on the fraction of input cycle during which 
plate current is expected to flow under rated full-load conditions. The classes are 
Class A, Class AB, Class B, and Class C. The term, cut-off bias, used in these 
definitions is the value of grid bias at which plate current is some very small value. 

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias 
and alternating grid voltages are such that plate current in a specific tube flows 
at all times. 

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid 
bias and alternating grid voltages are such that plate current in a specific tube flows 
for appreciably more than half but less than the entire electrical cycle. 

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias 
is approximately equal to the cut-off value so that the plate current is approximately 
zero when no exciting grid voltage is applied, and so that plate current in a specific 
tube flows for approximately one-half of each cycle when an alternating grid voltage 
is applied. 

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias 
is appreciably greater than the cut-off value so that the plate current in each tube 
is zero when no alternating grid voltage is applied, and so that plate current flows 
in a specific tube for appreciably less than one-half of each cycle when an alternating 
grid voltage is applied. 

NOTE: — To denote that grid current does not flow during any part of the 
input cycle, the suffix 1 may be added to the letter or letters of the class identification. 
The suffix 2 may be used to denote that grid current flows during some part of 
the cycle. 

For radio-frequency amplifiers which operate into a selective tuned circuit, aB 
in radio transmitter applications, or under requirements where distortion is not an 
important factor, any of the above classes of amplifiers may be used, either with a 
single tube or a push-pull stage. For audio-frequency amplifiers in which distortion 
is an important factor, only Class A amplifiers permit single-tube operation. In this 
case, operating conditions are usually chosen so that distortion is kept below the 
conventional 5% for triodes and the conventional 7 to 10% for tetrodes or pentodes. 
Distortion can be reduced below these figures by means of special circuit arrange- 
ments such as that discussed under inverse feedback on page 21. With Class A 
amplifiers, reduced distortion with improved power performance can be obtained by 
using a push-pull stage for audio service. With Class AB and Class B amplifiers, 
a balanced amplifier stage using two tubes is required for audio service. 

As a Class A voltage amplifier, a radio tube is used to reproduce grid voltage 
variations across an impedance or a resistance in the plate circuit. These variations 
are essentially of the same form as the input signal voltage impressed on the grid, 
but of increased amplitude. This is accomplished by operating the tube at a suitable 
grid bias so that the applied grid-input voltage produces plate-current variations 
proportional to the signal swings. Since the voltage variation obtained in the plate 
circuit is much larger than that required to swing the grid, amplification of the 
signal is obtained. Fig. 4 gives a graphical illustration of this method of amplifica- 
tion and shows, by means of the grid-voltage vs. plate-current characteristics, the 
effect of an input signal (S) applied to the grid of a tube. O is the resulting 
amplified plate-current variation. 
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The plate current flowing through the load resistance (R) of Fig. 5 causes a 
voltage drop which varies directly with the plate current. The ratio of this voltage 
variation produced in the load resistance to the input signal voltage is the voltage 
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amplification, or gain, provided by the tube. The voltage amplification due to the 
tube is expressed by the following convenient formulae: 

„ , . .. r . t . r , Load resistance 

Voltage Amplification = Amplification factor = - t : : — -=r. : i or 

Load resistance + Plate resistance 

Transconductance in micromhos X Plate resistance X Load resistance 
1000000 X (Plate resistance + Load resistance) 

From the first formula, it can be seen that the gain actually obtainable from 
the tube is less than the tube's amplification factor but that the gain approaches the 
amplification factor when the load resistance is large compared to the tube's plate 
resistance. Fig. 6 shows graphically how the gain approaches the mu of the tube 
as load resistance is increased. From the curve it can be seen that to obtain high 
gain in a voltage amplifier, a high value of load resistance should be used. 




VOLTAGE AMPLIFICATION US.LOAD RESISTANCE 
FOR THEORETICAL TRIODE HAVING! 
PLATE RE3I3TANCE = I0000 OHMS 
AMPLIFICATION FACTOR=IO 
MUTUAL CONDUCTANCE ~ IOOO MICROMHOS 



200000 300000 
LOAD RESISTANCE -OHMS 



Fig. 6 

In a resistance-coupled amplifier, the resistance of the tube's load is approxi- 
mately equal to the plate resistor in parallel with the grid resistor of the following 
stage. Hence, to obtain a large value of load resistance, it is necessary to use a 
plate resistor and a grid resistor of large resistance. However, the plate resistor 
should not be too large. The flow of plate current through the plate resistor 
produces a voltage drop which reduces the plate voltage applied to the tube. If the 
plate resistor is too large, this drop will be too large, the plate voltage on the tube 
will be too small and the voltage output of the tube will be too small. Also, the grid 
resistor of the following stage should not be too large because an amplifier tube may 
become unstable if its grid resistor is too large. The recommended values of plate 
resistor and grid resistor for the tube types used in resistance-coupled circuits, and 
the values of gain obtainable, are shown in the RESISTANCE'COUPLED AMPLI- 
FIER SECTION. 

The input impedance of a radio tube, that is, the impedance between grid and 
cathode, is very high at audio frequencies when the tube is operated with a negative 
grid. Hence in a Class Ai or Class ABi transformer-coupled audio amplifier, the 
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loading imposed by the grid on the input transformer is negligible. The secondary 
impedance of a Class Ai or Class ABi input transformer therefore is not limited 
by the input impedance of the tube; the secondary impedance is limited, however, 
by other transformer design considerations. 

A super-control amplifier tube is a modified construction of a pentode or a 
screen'grid type and is designed to reduce modulation-distortion and cross-modulation 
in radio-frequency stages. Cross-modulation is the effect produced in a radio 
receiver by an interfering station "riding through" on the carrier of the station to 
which the receiver is tuned. Modulation-distortion is a distortion of the modulated 
carrier and appears as audio-frequency distortion in the output. This effect is 
produced by a radio-frequency amplifier stage operating on an excessively curved 
characteristic when the grid bias has been increased to reduce volume. The offending 
stage for cross-modulation is usually the first radio-frequency amplifier, while for 
modulation-distortion, the cause is usually the last intermediate-frequency stage. 




The characteristics of super-control types are such as to enable the tube to handle 
both large and small input signals with minimum distortion over a wide range. A 
cross-section of the structure of a 6K7, a typical super-control tube, is shown in 
Fig. 7. The super-control action is due to the structure of the grid which provides 
a variation in amplification factor with change in grid bias. The grid is wound 
with coarse spacing at the middle and with close spacing at the ends. When weak 
signals and low grid bias are applied to the tube, the effect of the non-uniform turn 
spacing of the grid on cathode emission and tube characteristics is essentially the 
same as for uniform spacing. As the grid bias is made more negative to handle 
larger input signals, the electron flow from the sections of the cathode enclosed by 
the ends of the grid is cut off. The plate current and other tube characteristics are 
then dependent on the electron flow through the coarse section of the grid. This 
action changes the gain of the tube so that large signals may be handled with 
minimum distortion due to cross-modulation and modulation distortion. Fig. 8 shows 
a typical plate-current vs. grid-voltage curve for a super-control type compared with 
the curve for a type having a uniformly spaced grid. It will be noted that while 
the curves are similar at small grid-bias voltages, the plate current of the super- 
control tube drops quite slowly with large values of bias voltage. This slow change 
makes it possible for the tube to handle large signals satisfactorily. Since super- 
control types can accommodate large and small signals, they are particularly suitable 
for use in sets having automatic volume control. Super-control types also are known 
as remote cut-off types. 

As a Class A power amplifier, a radio tube is used in the output stage of radio 
receivers to supply relatively large amounts of power to the loudspeaker. For this 
application, large power output is of much greater importance than high voltage 
amplification, so that gain possibilities are sacrificed in the design of power tubes 
to obtain power-handling capability. Power tubes of the triode type in Class A 
service are characterized by low power-sensitivity, low plate-power efficiency, and low 
distortion. Power tubes of the pentode type are characterized by high power- 
sensitivity, high plate-power efficiency, and relatively high distortion. The beam 
power amplifier type 6L6 has a still higher power sensitivity and efficiency and hat 
a higher power output capability than triode or pentode types. 
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A Class A power amplifier is also used as a driver to supply power to a Class 
AB or a Class B output stage. It is usually advisable to use a triode type, rather 
than a pentode, in a driver stage because of the lower distortion of the triode. 



LOUDSPEAKER 




A-C FILAMENT SUPPLY 




A-C HEATER SUPPLY 



Fig. 9 



Fig. 10 



Either push-pull or parallel operation of power tubes may be employed with 
Class A amplifiers to obtain increased output. The parallel connection (Fig. 9) 
provides twice the output of a single tube with the same value of grid-signal voltage. 
The push-pull connection (Fig. 10) requires twice the input-signal voltage, but has, 
in addition to increase in power, a number of important advantages over single-tube 
operation. Distortion due to even-order harmonics and hum due to plate-supply- 
voltage fluctuations are either eliminated or decidedly reduced through cancellation. 
Since distortion is less than for single-tube operation, appreciably more than twice 
single-tube output can be obtained by decreasing the load resistance. 

Operation of power tubes so that the grids run positive is inadvisable except 
under conditions such as are discussed later in this section for Class AB and Class B 
amplifiers. 

Power output for triodes as single-tube Class A amplifiers can be calculated 
without serious error from the plate family of curves by assuming a resistance load. 
The proper plate current, grid bias, and optimum load resistance, as well as the 
per cent second-harmonic distortion, can also be determined. The calculations are 
made graphically and are illustrated by Fig. 11 for given conditions. The procedure 
is as follows: A straight line XY is drawn through the point P on the plate family 
of curves. This point is determined by the tentatively chosen values of plate voltage 
and plate current. The slope of the line XY corresponds to the value of load 
resistance tentatively chosen. The slope of XY is determined by adjusting a line 
through P so that the voltage value (at the intersection of the line with the zero- 
current axis) divided by the current value (at the intersection of the line with the 
zero-voltage axis) gives the desired trial load resistance. A more direct method is 
to draw any convenient line AB having the proper slope, and then to draw XY 
parallel to it and through P. To draw AB, choose any convenient voltage value on 
the aero-current axis. A line drawn through this point and given the proper slope 
must intersect the zero-voltage axis at a current value equal to the chosen voltage 
divided by the chosen resistance value. 

In calculating power output, it is assumed that the peak alternating grid voltage 
is sufficient to swing the grid from the operating-bias value to zero bias on the 
positive swing and to a value twice the fixed bias on the negative swing. Identifying 
the maximum and minimum values of plate voltage and plate current for the grid' 
voltage swing as E max., 2 min., I max., I min., the power output is given by the 
formula : 



Power Output = 



(I max. - ] min.) X (E max. - E min.) 
8 



If E is in volts and I in milliampcrea, power output is in milliwatts. 



Per cent second-harmonic distortion is given by the following formula in which 
lo is the trial value of d-c plate current. 
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I max. -f* I m * n * 



Per cent 2nd Harmonic Distortion = 




Io 



PLATE VOLTS 



I max. — I min. 



X 100 



Fig. 11 

By substitution of values from curves in above power formula: 



Example: Determine the undistorted 
power output of a 3 -electrode tube at 
a plate voltage of 250 volts, a plate 
current of 34 milliamperes, and a plate 
load of 3900 ohms, given the plate 
characteristic curves as shown. 

Procedure : Draw through point (P) 
which represents proposed operating 
conditions, line XY with slope corre- 
sponding to 3900-ohm load. This may 
be done by drawing XY parallel to line 
AB. The line AB is drawn between 
point (M) at 250 volts and jero cur- 
rent, and point (Q) at zero volts and 
current equal to 250 volts divided by 
plate load of 3900 ohms, i.e., 250 -S- 
3900 = 0.064 ampere or 64 milli- 
amperes. 



Power Output = 



(0.066 - 0.007) X (360 - 130) 
8 



1.7 watts 



By substitution of values from curves in above distortion formula 

0.066 + 0.007 
2 

2nd Harmonic Distortion = 



- 0.034 



0.066 - 0.007 



X 100 — 4.2% 



It is customary to make the final selection of load resistance such that the- 
distortion as calculated above does not exceed 5 per cent, a value which experience 
has shown to be permissible. Several approximations of load resistance may be 
necessary to obtain the optimum value for the trial value of plate current. 
Ordinarily, the plate load resistance for optimum conditions is approximately equal 
to twice the plate resistance. 

To check the trial plate current, calculations should be made for d-c plate 
currents above and below the trial value. The most suitable value with its corre- 
sponding grid bias can then be selected, unless 
the value is higher than that recommended for 
the tube. In this event the maximum permissible 
value is chosen. 

The proper load for triodes in push-pull 
power amplifiers may be determined by means of 
the plate family and the relation E = 0.6 Eo, 
where Eo is equal to the desired operating plate 
voltage. The method is to erect a vertical line at 
E = 0.6 Eo (see Fig. 12), intersecting the Ec=0 
curve at the point (Im). A load line is then 
drawn through Im and the Eo point on the zero- 
current axis. Four times the resistance correspond- 
ing to this load line is the plate-to-plate load for 
two triodes in a Class A push-pull amplifier. 

Fig. 12 illustrates the application of this 
method to the case of two type 45's operated at 
Eo= 250 volts. Then 

Fig. 12 
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Plate-to-Plate Load = 



Eo - 0.6 Eo 



Im 



X 4 



100 
' 0.096 



X 4 = 4160 ohm* 



This simple formula is applicable to all power output triodes. The operating grid- 
bias voltage can be anywhere between that specified for single-tube operation and 
that equal to one-half the grid-bias voltage required to produce plate-current cut-off 
at a plate voltage of 1.4 Eo. Thus, for single-tube operation of the type 4?, the 
grid-bias voltage is recommended as -50 volts for 250 volts on the plate. Pl^te- 
current cut-off at 1.4 Eo, or 350 volts, occurs at -110 volts on the grid. One-half 
of this value is -55 volts, which is the most negative value permissible without 
departing from Class A conditions. 
Operation beyond this point will 
be accompanied by rectification 
and will no longer be representa- 
tive of a Class A amplifier. 

The power output for push- 
pull triodes may be determined by 
the following formula: 



Im Eo 



Power Output =r 



If Im is expressed in amperes and Eo 
in volts, power is obtained in watts. 
Thus, for Fig. 12, power output =r 
0.096 X 250 -=- 5, or 4.8 watts. 




Fig. 13 



Power output for pentodes and for beam power tubes as Class A amplifiers 
can be calculated in much the same way as for triodes by means of the following 
formulas and a special plate characteristic family of curves, illustrated in Fig. 13. 



Power Output =r 



[I mar. - I min. + 1.41 (Ii - Iy)] 2 Rp 



Rp : 

and power output is obtained in watts. 
Per cent 2nd Harmonic Distortion = 



I : 



32 



[f I is in amperes and E in volts, then 

E max. — E min. 



I max. - I min. 



i ohms. 



I min. — 2 Io 



I max. - I min. -(- 1.41 (Ix - Iy) 



X 100 



Per cent 3rd Harmonic Distortion = 



I max. — I min. — 1.41 (Ix - Iy) 
I max. - I min. -f- 1.41 (Ix - Iy) 



X 100 



Per cent total (2nd and 3rd) Harmonic Distortion = V(% 2nd Har. Dist.) 2 + (% 3rd Har. Dist.) 2 



The conversion curves given in Fig. 14 apply to radio tubes in general but are 
particularly useful for power tubes. These curves can be used for calculating 
approximate operating conditions for a plate voltage which is not included in the 
published data on operating conditions. For instance, suppose it is desired to operate 
two 6L6's in Class Ai push-pull, fixed bias, with a plate voltage of 200 volts. The 
published operating conditions for this class of service are for a plate voltage of 
250 volts. The operating conditions for the new plate voltage can be determined 
as follows: First compute the ratio of the new plate voltage to the plate voltage of 
the published data. In the example, this ratio is 200/250 = 0.8. This figure is the 
Voltage Conversion Factor, F.. Multiply by this factor to obtain the new values 
of grid bias and screen voltage. This gives a grid bias of -16 X 0.8 = — 12.8 volts, 
and a screen voltage of 250X0.8 = 200 volts for the new conditions. To obtain 
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CONVERSION 
0.6 0.8 l.o 



FACTORS 

1.5 2.0 2.S 



the rest of the new conditions, multiply the 
published values by factors shown on the chart 
as corresponding to a voltage conversion factor 
of 0.8. In this chart, 

?i applies to plate current and to screen 

current, 
F p applies to power output, 
P r applies to load resistance and plate 
resistance, 
applies to transconductance. 
Thus, to find the power output for the new 
conditions, determine the value of F p for a 
voltage conversion factor of 0.8. The chart 
shows that this value of F p is 0.6. Multiplying 
the published value of power output by 0.6, the 
power output for the new conditions is 14.5 X 
0.6 = 8.7 watts. 

A class AB pow«r amplifier employs two 
tubes connected in push-pull with a higher 
negative grid bias than is used in a Class A stage. 
With this higher negative bias, the plate and 
screen voltages can usually be made higher than 
for Class A because the increased negative bias 
holds plate current within the limit of the tube's 
plate dissipation rating. As a result of these 
higher voltages, more power output can be 
obtained from Class AB operation. 

Class AB amplifiers are subdivided into 
Class ABi and Class AB2. In Class ABi there 
is no flow of grid current. That is, the peak 
signal voltage applied to each grid is not greater 
than the negative grid'bias voltage. The grids 
therefore are not driven to a positive potential 
and do not draw grid current. In Class AB2, 
the peak signal voltage is greater than the bias 
so that the grids are driven positive and draw 
grid current. 

Because of the flow of grid current in a Class AB2 stage there is a loss of 
power in the grid circuit. The sum of this loss and the loss in the input transformer 
is the total driving power required by the grid circuit. The driver stage should be 
capable of a power output considerably larger than this required power in order that 
distortion introduced in the grid circuit be kept low. The input transformer used 
in a Class AB2 amplifier usually has a step-down turns ratio. 

Because of the large fluctuations of plate current in a Class AB2 stage, it is 
important that the power supply should have good regulation. Otherwise the 
fluctuations in plate current cause fluctuations in the voltage output of the power 
supply, with the result that power output is decreased and distortion is increased. 
To obtain satisfactory regulation it is usually advisable to use a choke-input filter. 
It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum 
type because of the better regulation of the mercury-vapor type. In all cases, the 
resistance of the filter chokes and power transformer should be as low as possible. 

A Class B power amplifier employs two tubes connected in push-pull, so biased 
that plate current is almost aero when no signal voltage is applied to the grids. 
Because of this low value of no-signal plate current, Class B amplification has the 
same advantage as Class AB, that large power output can be obtained without 
excessive plate dissipation. The difference between Class B and Class AB is that, 
in Class B, plate current is cut off for a larger portion of the negative grid swing. 

There are several tube types designed especially for Class B amplification. The 
characteristic common to all these types is high amplification factor. With this high 
amplification factor, plate current is small when grid voltage is sero. These tubes. 
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therefore, can be operated in Class B at a bias of zero volts, so that a bias supply 
is not required. A number of the Class B amplifier tube types consist of two 
triode units mounted in one tube. The two triode units can be connected in 
push-pull, so that only one tube is required for a Class B stage. Examples of these 
Class B twin triode types are the 6N7, 6A6, and 19. 

Because a Class B amplifier is usually operated at zero bias, each grid is at a 
positive potential during the positive half-cycle of its signal swing and consequently 
draws considerable grid current. There is, therefore, a loss of power in the grid 
circuit. This imposes the same requirement on the driver stage as in a Class AB2 
stage; that is, the driver should be capable of considerably more power output than 
the power required for the Class B grid circuit in order that distortion be low. 
The interstage transformer between the driver and Class B stage usually has a 
step-down turns ratio. 

The fluctuations in plate current in a Class B stage are large so that it is 
important that the power supply have good regulation. The discussion of the power 
supply for a Class AB2 stage, therefore, also applies to the power supply for a 
Class B amplifier. 

Inverse feedback is used in audio amplifiers to reduce distortion in the output 
stage where the load impedance on the tube is a loudspeaker. Because the impedance 
of a loudspeaker is not constant for all audio frequencies, the load impedance on 
the output tube varies with frequency. ^\^hen the output tube is a pentode or beam 
power tube having high plate resistance, this variation in plate load impedance can, 
if not corrected, produce considerable frequency distortion. Such frequency 
distortion can be corrected by means of inverse feedback. 

The application of inverse feedback 
to a power output stage using a single 
6L6 is illustrated by Fig. 16. In this 
circuit, Ri, R2, and C are connected 
across the output of the 6L6 as a voltage 
divider. The secondary of the grid- 
input transformer is returned to a point 
on this voltage divider. Condenser C 
blocks the d-c plate voltage from the 
grid. However, a portion of the tube's 
a-f output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R2/(Ri+R2), is applied to 
the grid. There results a decrease in 
distortion which can be explained by 
the curves of Fig. 17. 

Consider first the amplifier as being without inverse feedback. Suppose that 
when a signal voltage e s is applied to the grid the a-f plate current i' P has an 
irregularity in its positive half-cycle. This irregularity represents a departure from 
the waveform of the input signal and is, therefore, distortion. For this plate-current 
waveform, the a-f plate voltage has a waveform shown by c' p . The plate-voltage 
waveform is inverted compared to the plate-current waveform because a plate-current 
increase produces an increase in the drop across the plate load. The voltage at the 
plate is the difference between the drop across the load and the supply voltage; 
thus, when plate current goes up, plate voltage goes down; when plate current 
goes down, plate voltage goes up. 

Now suppose that inverse feedback is applied to the amplifier. The distortion 
irregularity in plate current is corrected in the following manner. With an inverse 
feedback arrangement, the voltage fed back to the grid has the same waveform 
and phase as the plate voltage, but is smaller in magnitude. Hence, with a plate 
voltage of waveform shown by e' P , the feed-back voltage appearing on the grid is 
as shown by e'gt- This voltage applied to the grid produces a component of plate 
current i' r t. It is evident that the irregularity in the waveform of this component 
of plate current would act to cancel the original irregularity and thus reduce 
distortion. 

After the correction of distortion has been applied by inverse feedback, the 




Fig. 16 
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relations are as shown in the curve for i P . The dotted curve shown by ipf is the 
component of plate current due to the feedback voltage on the grid. The dotted 
curve shown by i' r is the component of plate current due to the signal voltage on 
the grid. The sum of these two components gives the resultant plate current shown 






Fig. 17 

by the solid curve of i p . Since i' P is the plate current that would flow without 
inverse feedback, it can be seen that the application of inverse feedback has 
reduced the irregularity in the output current. In this manner, inverse feedback 
acts to correct any component of plate current that does not correspond to the 
input signal voltage, and thus reduces distortion. 

From the curve for i P , it can be seen that, besides reducing distortion, inverse 
feedback also reduces the amplitude of the output current. It follows that when 
inverse feedback is applied to an amplifier, there is a decrease in power output as 
well as a decrease in distortion. However, by means of an increase in signal 
voltage, the power output can be brought back to its full value. Hence, the 
application of inverse feedback to an amplifier means that more driving voltage 
must be applied to obtain full power output but that this full power output is 
obtained with less distortion. 

The inverse-feedback method 
shown in Fig. 16 can also be 
applied to Class Ai or Class 
ABi push-pull amplifiers as 
shown in Fig. 18. The method 
requires that the input trans- 
former have a separate seconda- 
ry winding for each grid. The 
method is not recommended for 
use in amplifiers drawing grid 
current because of the resistances 
introduced in the grid circuit. 

Inverse feedback can be ap- 
plied to any Class Ai or Class 
ABi power amplifier tube but is 
especially applicable to a beam 
power tube. It is not generally 
applied to a triode power ampli- 
fier, such as the 2 A3, because 
the variation in speaker imped- 
ance with frequency does not 
produce much distortion in a 
triode stage having low plate 
resistance. It is sometimes ap- 
plied in a pentode stage but is 

not always convenient. As Fig. 18 
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has been shown, when inverse feedback is used in an amplifier, the driving voltage 
must be increased in order to give full power output. When inverse feedback is 
used with a pentode, the total driving voltage required for full power output may be 
inconveniently large. Because a beam power tube gives full power output on a 
comparatively small driving voltage, inverse feedback is especially applicable to beam 
power tubes. By means of inverse feedback, the high efficiency and high power 
output of the beam power tube can be combined with freedom from the effects of 
varying speaker impedance. 

A corrective filter can be used to improve the frequency characteristic of an 
output stage, using a beam power tube or a pentode, when inverse feedback is not 
applicable. The filter consists of a resistor and a condenser connected in series 
across the primary of the output transformer. Connected in this way, the filter is 
in parallel with the plate-load impedance reflected from the voice-coil by the output 
transformer. The magnitude of this reflected impedance increases with increasing 
frequency in the middle and upper audio range. The impedance of the filter, 
however, decreases with increasing frequency. It follows that by use of the proper 
values for the resistance and the capacitance in the filter, the effective load impedance 
on the output tubes can be made practically constant for all frequencies in the 
middle and upper audio range. The result is an improvement in the frequency 
characteristic of the output stage. 

The resistance to be used in the filter for a push-pull stage is 1.3 times the 
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times 
the recommended plate load resistance. The capacitance in the filter should have 
a value such that the voltage gain of the output stage at a frequency of 1000 cycles 
or higher is equal to the voltage gain at 400 cycles. A method of determining the 
proper value of capacitance for the filter is to make two measurements on the 
output voltage across the primary of the output transformer: first, when a 400-cycle 
signal is applied to the input, and second, when a 1000-cycle signal of the same 
voltage as the 400-cycle signal is applied to the input. The correct value of 
capacitance is the one which gives equal output voltages for the two signal inputs. 
In practice, this value is usually found to be on the order of 0.05 /if. 

A volume expander can be used in a phonograph amplifier to make more 
natural the reproduction of music which has a very large volume range. For 
instance, in the music of a symphony orchestra, the sound intensity of the loud 
passages is very much higher than that of the soft passages. When this music is 
recorded, it is not feasible to make the ratio of maximum amplitude to minimum 
amplitude as large on the record as it is in the original music. The recording 
process is therefore monitored so that the volume range of the original is compressed 
on the record. To compensate for this compression, a volume-expander amplifier 
has a variable gain which is greater for a high-amplitude signal than for a low- 
amplitude signal. The volume expander therefore amplifies loud passages more 
than soft passages and thus can restore to the music reproduced from the record 
the volume range of the original. 

A volume expander circuit is shown in CIRCUIT SECTION. The action of this 
circuit depends on the fact that the gain of the 6L7 as an audio amplifier can be 
varied by variation of the bias on the No. 3 grid. When the bias on the No. 3 
grid is made less negative, the gain of the 6L7 increases. In the circuit, the signal 
to be amplified is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. 
The signal is also applied to the grid of the 6C5, is amplified by the 6C5, and is 
rectified by the 6H6. The rectified voltage developed across R8, the load resistor 
of the 6H6, is applied as a positive bias voltage to the No. 3 grid of the 6L7. 
Then, when the amplitude of the signal input increases, the voltage across R8 
increases, and the bias on the No. 3 grid of the 6L7 is made less negative. 
Because this increases the gain of the 6L7, the gain of the amplifier increases with 
increase in signal amplitude and thus produces volume expansion of the signal. 

The No. 1 grid of the 6L7 is a variable-mu grid and therefore will produce 
distortion if the input signal voltage is too large. For that reason, the signal input 
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same 
order as the voltage obtainable from the usual magnetic phonograph pick-up. 
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of 
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contact P. This contact should be adjusted initially to give a no-signal plate 
current of 0.15 milliamperes in the 6L7. No further adjustment of contact P is 
required if the same 6L7 is always used. If it is desired to delay volume expansion 
until the signal input reaches a certain amplitude, the delay voltage can be inserted 
as a negative bias on the 6H6 plates at the point marked X in the diagram. 

A phase inverter is used to provide resistance coupling between the output of 
a single-tube stage and the input of a push-pull stage. The necessity for a phase 
inverter arises because the signal-voltage inputs to the grids of a push-pull stage 
must be 180 degrees, out of phase, and equal in amplitude. That is, when the signal 
voltage input to a push-pull stage swings one of the push-pull grids in the positive 
direction, it should swing the other grid in the negative direction by an equal 
amount. When transformer coupling is used, the out-of-phase input voltages can 
be obtained from the output of a single-tube stage by means of a center-tapped 
secondary. When resistance coupling is to be used, the out-of-phase input voltages 
can be obtained by means of a phase inverter. 

Figure 15 shows a simple phase inverter circuit in which phase inversion is 
provided by triode T2. In this circuit, the voltage output of Ti is applied to one 
of the push-pull grids. A portion of the voltage output of Ti also is applied from 
the tap on Rg to the grid of T2. The voltage output of T2 is applied to the other 
push-pull grid. When the voltage output of Ti swings the grid of T2 in the 



positive direction, the plate current of T2 increases. This increases the voltage drop 
across the plate resistor R2 and therefore swings the plate of T2 in the' negative 
direction. Hence, when the voltage output of Ti swings positive, the voltage 
output of T2 swings negative. In other words, the voltage output of T2 is 180 
degrees out of phase with the voltage output of Ti. The voltage output of T2 is 
made equal to the voltage output of Ti by adjustment of the tap on R3. For 
example, if the voltage amplification of T2 is 20, the tap on R3 is adjusted to 
supply one-twentieth of the a-f voltage across Rg to the grid of T2. The a-f voltage 
across R4 is thus made equal in amplitude to the a-f voltage across R3. The signal 
voltage inputs to the push-pull grids are then equal in amplitude and 180 degrees 
out of phase. 

In the practical application of this circuit, it is convenient to use a twin-triode 
tube combining Tx and T2. Operating conditions can be taken from the chart in 
RESISTANCE-COUPLED AMPLIFIER SECTION. The adjustment of the tap 
on R3 is not critical. 

Another form of phase inverter is shown in CIRCUIT SECTION. In this circuit 
when the grid of the 6F5 swings in the positive direction, plate current through 
the tube increases and the voltage drops across R5 and Re increase. The plate of 
the 6F5 therefore swings in the negative direction, while the cathode swings in the 
positive direction. The input voltages to the push-pull grids are thus supplied 
180 degrees out of phase. The push-pull input voltages are equal in amplitude 
because Rg is equal to Re. It should be noted that this circuit is not to be used 
in a t-r-f receiver where the diode circuit is grounded by the mounting of the 
tuning-condenser rotor shaft on the chassis. A ground connection to the condenser 
would lower the impedance across Re and would thus unbalance the input voltages 
to the push-pull grids. 



The rectifying action of a diode finds an important application in supplying 




Fig. 15 
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a receiver with d-c power from an a-c line. A typical arrangement for this 
application includes a rectifier tube, a filter, and a voltage divider. The rectifying 
action of the tube is explained briefly under DIODES, page 7. The filters action 
is explained on page 37; its function is to smooth out the ripple of the tube output, 
as indicated in Fig. 20. The voltage divider is used to cut down the output voltage 
to the values required by the plates, screens, and grids of the tubes in the receiver. 

A half -wave rectifier and a full -wave rectifier circuit are shown in Figs. 21 
and 22, respectively. In the half-wave circuit, cur- 
rent flows through the rectifier tube to the filter on 
every other half-cycle of the a-c input voltage when 
the plate is positive with respect to the cathode. In 
the full-wave circuit, current flows to the filter on 
every half-cycle, through plate No. 1 on one half- 
cycle when plate No. 1 is positive with respect to 
the cathode, and through plate No. 2 on the next , 
half-cycle when plate No. 2 is positive with respect ' 
to the cathode. Because the current flow to the 
filter is more uniform in the full-wave circuit than 
in the half-wave circuit, the output of the full-wave 
circuit requires less filtering. Rectifier operating 
information and circuits are given under each 
rectifier tube type and in the CIRCUIT SECTION 

A voltage-doubler rectifier circuit of simple 
form is shown in Fig. 23. The circuit derives its 
name from the fact that its d-c voltage output can 
be as high as twice the peak value of the a-c input, 
briefly as follows. On the positive half-cycle of the 
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The action of this circuit is 

ivaaw... a ' c " 1 P ut: > tnat ' s ' when the 

upper sidVof "the a-c input line is positive with respect to the lower side, the upper 
diode passes current and feeds positive charge into the upper condenser. As positive 
charge accumulates on the upper plate of the condenser, a positive voltage builds up 
across the condenser. On the next half-cycle of the a-c input, when the upper side 
of the line is negative with respect to the lower side, the lower diode passes current 
so that a negative voltage builds up across the lower condenser. As long as no 
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Fig. 21 K«- 11 



current is drawn at the output terminals from the condensers, each condenser can 
charge up to a voltage of magnitude E, the peak value of the a-c input. It can 
be seen from the diagram that with a voltage of +E on one condenser and — E 
on the other, the total voltage across the condensers is 2E. Thus the voltage 
doubler supplies a no-load d-c output voltage twice as large as the peak a-c input 
voltage. When current is drawn at the output terminals by the load, the output 
voltage drops below 2E by an amount that depends on the magnitude of the load 
current and the capacitance of the condensers. 

Two rectifier types especially designed for use as voltage doublers are the 
all-metal 25Z6 and the glass 25Z5. These tubes combine two separate diodes in 
one tube. As voltage doublers the tubes are used in "transformerless" receivers. 
In these receivers, the heaters of all tubes in the set are connected in series witb 
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Fig. 23 Fig. 24 

a voltage-dropping resistor across the line. The connections for the heater supply 
and the voLtage-doubling circuit are shown in Fig. 24. 

DETECTION 

When speech or music is transmitted from a radio station, the station radiates 
a radio-frequency wave whose amplitude varies in accordance with the audio' 
frequency signal being transmitted. The r-f wave is said to be modulated by the 
a-f wave. The effect of modulation on the waveform of the r-f wave is shown in 
Fig. 25. 



UNMODULATED A-F MODULATING ' ' 

R-F CARRIER WAVE MODULATED 

R-F WAVE 

Fig. 25 

In the receiver it is desired to reproduce the original a-f modulating wave from 
the modulated r-f wave. In other words, it is desired to demodulate the r-f wave. 
The receiver stage which performs this demodulation is called the demodulator or 
detector stage. There are three different detector circuits in general use, the diode 
detector, the grid-bias detector, and the grid-leak detector. These detector circuits 
are alike in that they eliminate, either partially or completely, alternate half-cycles 
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of 
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones. 




Fig. 26 Fig. 27 



A diode-detector circuit is shown in Fig. 26. The action of this circuit when 
a modulated r-f wave is applied is illustrated by Fig. 27. The r-f voltage applied 
to the circuit is shown in light line, the output voltage across the condenser C is 
shown in heavy line. Between points a and b on the first positive half-cycle of the 
applied r-f voltage, the condenser C charges up to the peak value of the r-f voltage. 
Then as the applied r-f voltage falls away from its peak value, the condenser holds 
the cathode at a' potential more positive than the voltage applied to the anode. 
The condenser thus temporarily cuts off current through the diode. While the 
diode current is cut off, the condenser discharges, from b to c, through the diode 
load resistor R. When the r-f voltage on the anode rises high enough to exceed 
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the potential at which the condenser holds the cathode, current flows again and 
the condenser charges up to the peak value of the second positive half-cycle at d. 
In this way, the voltage across the condenser follows the peak value of the applied 
r-f voltage and thus reproduces the a-f modulation. The curve for voltage across 
the condenser, as drawn in Fig. 27, is somewhat jagged. However, this jaggedness, 
which represents an r-f component in the voltage across the condenser, is exaggerated 
in the drawing. In an actual circuit the r-f component of the voltage across the 
condenser is negligible. Hence, when the voltage across the condenser is amplified, 
the output of the amplifier reproduces the speech or music originating at the 
transmitting station. 

It is helpful, in order to understand the diode detector better, to consider the 
circuit as a half-wave rectifier. Considered this way, the diode is the half-wave 
rectifier tube, the r-f signal voltage is the a-c input, the r-f by-pass condenser C is 
the filter condenser, and the resistor R is the load resistance. Because the d-c 
output voltage of a rectifier depends on the voltage of the a-c input, the d-c voltage 
across C varies with the amplitude of the r-f carrier and thus reproduces the a-f 
signal. On the basis of this analogy, it can be seen that the condenser C should 
be large enough to smooth out r-f or i-f variations, but should not be so large as 
to affect the audio variations. Also, on the basis of this analogy, it can be seen that 
two diodes can be connected in a circuit similar to a full-wave rectifier to give 
full-wave detection. However, in practice, the advantages of this connection 
generally do not justify the extra circuit complication. 

The diode method of detection has the advantage over other methods in that it 
produces less distortion. The reason is that its dynamic characteristic can be made 
more linear than that of other detectors. It has the disadvantages that it does not 
amplify the signal, and that it draws current from the input circuit and therefore 
reduces the selectivity of the input circuit. However, because the diode method of 
detection produces less distortion and because it permits the use of simple avc 
circuits without the necessity for an additional voltage supply, the diode method 
of detection is most widely used in broadcast receivers. 

A typical diode-detector circuit using a duplex-diode triode tube is shown in 
Fig. 28. In this circuit, Ri is the diode load resistor. A portion of the a-f voltage 
developed across this resistor is applied to the triode grid through the volume 
control R3. In a typical circuit, resistor Ri may be tapped so that five-sixths of 
the total a-f voltage across Ri is applied to the volume control. This tapped 
connection not only reduces the voltage output of the detector circuit but also reduces 
audio distortion and improves the r-f filtering. D-c bias for the triode section is 
provided by the cathode-bias resistor R2 and the audio by-pass condenser Cs. The 
function of condenser C2 is to block the d-c bias of the cathode from the grid. The 
function of condenser C4 is to by-pass any r-f voltage on the grid to cathode. A 
duplex-diode pentode may also be used in this circuit. With a pentode, the a-f output 
should be resistance-coupled rather than transformer-coupled. 



Another diode detector circuit, called a diode-biased circuit, is shown in. 
Fig. 29. In this circuit, the triode grid is connected directly to a tap on the diode 
load resistor. When an r-f signal voltage is applied to the diode, the d-c voltage 
at the tap supplies bias to the triode grid. When the r-f signal is modulated, the 
a-f voltage at the tap is applied to the grid and is amplified by the triode. The 
advantage of this circuit over the self-biased arrangement shown in Fig. 28 is that 
the diode-biased circuit does not employ a condenser between the grid and the 




Fig. 28 



Fig. 29 
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diode load resistor, and consequently does not produce as much distortion of a 
signal having a high percentage of modulation. 

However, there are restrictions on the use of the diode-biased circuit. Because 
the bias voltage on the triode depends on the average amplitude of the r-f voltage 
applied to the diode, the average amplitude of the voltage applied to the diode 
should be constant for all values of signal strength at the antenna. Otherwise 
there will be different values of bias on the triode grid for different signal strengths 
and the triode will produce distortion. This restriction means, in practice, that the 
receiver should have a separate-channel avc system. With such an avc system, the 
average amplitude of the signal voltage applied to the diode can be held within very 
close limits for all values of signal strength at the antenna. The tube used in a 
diode-biased circuit should be one which operates at a fairly large value of bias 
voltage. The variations in bias voltage are then a small percentage of the total 
bias and hence produce small distortion. Tubes taking a fairly large bias voltage 
are types such as the 6R7 or 85 having a medium-mu triode. Tube types having 
a high-mu triode or a pentode should not be used in a diode-biased circuit. Since 
there is no bias applied to the diode-biased triode when no r-f voltage is applied to 
the diode, sufficient resistance should be included in the plate circuit of the triode 
to limit its sere-bias plate current to a safe value. 

A grid-bias detector circuit is shown in Fig. JO. In this circuit, the grid is 
biased almost to cut-off, i.e., operated so that the plate current with zero signal is 
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a 
C battery, or a bleeder tap. Because of the high negative bias, only the positive 
half cycles of the r-f signal are amplified by the tube. The signal is therefore 
detected in the plate circuit. The advantages of this method of detection are that 
it amplifies the signal, besides detecting it, and that it does not draw current from 
the input circuit and therefore does not lower the selectivity of the input circuit. 




GRID LEAK 



Fig. 30 




Fig. i\ 



The grid-leak and condenser method, illustrated by Fig. 31, is somewhat more 
sensitive than the grid-bias method and gives its best results on weak signals. In 
this circuit, there is no negative d-c bias voltage applied to the grid. Hence, on 
the positive half-cycles of the r-f signal, current flows from grid to cathode. The 
grid and cathode thus act as a diode detector, with the grid-leak resistor as the 
diode load resistor and the grid condenser as the r-f by-pass condenser. The voltage 
across the condenser then reproduces the a-f modulation in the same manner as 
has been explained for the diode detector. This voltage appears between the grid 
and cathode and is therefore amplified in the plate circuit. The output voltage 
thus reproduces the original a-f signal. 

In this detector circuit, the use of a high-resistance grid leak increases selectivity 
and sensitivity. However, improved a-f response and stability are obtained with 
lower values of grid-leak resistance. This detector circuit has the advantage that 
it amplifies the signal but has the disadvantage that it draws current from the input 
circuit and therefore lowers the selectivity of the input circuit. 

AUTOMATIC VOLUME CONTROL 

The chief purposes of automatic volume control in a receiver are to prevent 
fluctuations in loudspeaker volume when the signal at the antenna is fading in and 
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out, and to prevent an unpleasant blast of loud volume when the set is tuned from 
a weak signal, for which the volume control has been turned up high, to a strong 
signal. To accomplish these purposes, an automatic volume control circuit regulates 
the receiver's r-f and i-f gain so that this gain is less for a strong signal than for 
a weak signal. In this way, when the signal strength at the antenna changes, the 
avc circuit reduces the resultant change in the voltage output of the last i-f stage 
and consequently reduces the change in the speaker's output volume. 

The avc circuit reduces the r-f and i-f gain for a strong signal usually by 
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the 
signal increases. A simple avc circuit is shown in Fig. 32. On each positive 
half-cycle of the signal voltage, when the diode plate is positive with respect to 
the cathode, the diode passes current. Because of the flow of diode current through 
Rl, there is a voltage drop across Ri which makes the left end of Ri negative 
with respect to ground. This voltage drop across Ri is applied, through the filter 
R 2 and C, as negative bias on the grids of the preceding stages. Then, when the 
signal strength at the antenna increases, the signal applied to the avc diode increases, 
the voltage drop across Ri increases, the negative bias voltage applied to the r-f 
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus 
the increase in signal strength at the antenna does not produce as much increase 
in the output of the last i-f stage as it would produce without avc. When the 
signal strength at the antenna decreases from a previous steady value, the avc 
circuit acts, of course, in the reverse direction, applying less negative bias, permitting 
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output 
of the last i-f stage. In this way, when the signal strength at the antenna changes, 
the avc circuit acts to prevent change in the output of the last i-f stage, and thu» 
acts to prevent change in loudspeaker volume. 

The function of the filter, C and R2, is to prevent the avc voltage from 
varying at audio frequency. This filter is necessary because the voltage drop across 
Rl varies with the modulation of the carrier being received. If avc voltage were 
taken directly from Ri without filtering, the audio variations in avc voltage would 
vary the receiver's gain so as to smooth out the modulation of the carrier. To 
avoid this effect, the avc voltage is taken from the condenser C. Because of the 
resistance R2 in series with C, the condenser C can charge and discharge it only 
a comparatively slow rate. The avc voltage therefore cannot vary at a frequency 
high enough to be in the audio range. However, the avc voltage can vary at 
frequencies below the audio range and, at these frequencies, can compensate for 
most fading. Thus the filter permits the avc circuit to smooth out variations in 
signal due to fading, but prevents the circuit from smoothing out audio modulation. 




Fig. 32 Rg- 33 



It will be seen that an avc circuit and a diode detector circuit are much alike. 
It is therefore convenient in a receiver to combine the detector and the aye diode 
in a single stage. Examples of how these functions are combined in receivers are 
shown in CIRCUIT SECTION. 

In the circuit shown in Fig. 32, a certain amount of avc negative bias is 
applied to the preceding stages on a weak signal. Since it may be desirable to 
maintain the receiver's r-f and i-f gain at the maximum possible value for a weak 
signal, avc circuits are designed in some cases to apply no avc bias until the signal 
strength exceeds a certain value. These avc circuits are known as delayed avc, or 
davc, circuits. A davc circuit is shown in Fig. 33. In this circuit, the diode section 
Di of the 6H6 acts as detector and avc diode, Ri is the diode load resistor, and 
R2 and C2 are the avc filter. Because the cathode of diode D2 is returned to -3 
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volts, a d'C current flows through Ri and R2 in series with D2 . The voltage 
drop of this current places the avc lead at approximately -3 volts potential. As 
long as the average amplitude of the rectified signal voltage developed across Ri 
does not exceed 3 volts, the avc lead remains at -3 volts. Hence, for signals not 
strong enough to develop 3 volts across Ri, the bias applied to the controlled tubes 
stays constant at a value giving high sensitivity. However, when the average 
amplitude of rectified signal voltage across Ri exceeds 3 volts, the plate of diode 
D2 becomes more negative than the cathode of D2 and current flow in diode D2 
ceases. The potential of the avc lead is then controlled by the voltage developed 
across Ri. Therefore, with further increase in signal strength, the avc circuit 
applies an increasing avc bias voltage to the controlled stages. In this way, the 
circuit regulates the receiver's gain for strong signals, but permits the gain to stay 
constant at a maximum value for weak signals. 

It can be seen in Fig. 33 that a portion of the -3 volts delay voltage is 
applied to the plate of the detector diode Dj, this portion being approximately 
equal to Ri/(Ri+R2) times -3 volts. Hence, with the circuit constants as 
shown, the detector plate is made negative with respect to its cathode by approxi- 
mately one-half volt. However, this voltage does not interfere with detection 
because it is not large enough to prevent current flow in the tube. 

TUNING INDICATION WITH ELECTRON-RAY TUBES 

In the electron-ray types 6E5 and 6G5, a triode is mounted in a glass bulb, 
with a fluorescent target in the dome of the bulb, as shown in Fig. 34. The target 
is operated at a positive voltage and therefore attracts electrons from the cathode. 
Electrons striking the target produce a glow in a fluorescent coating on the target. 
When electrons are flowing to the whole circumference of the target, the target 
has the appearance of a ring of light. 

An electrode, the ray-control electrode, is mounted between the cathode and 
target. When the potential of this electrode is less positive than the target, electrons 
flowing to the target are repelled by the electrostatic field of the electrode, and do 
not reach that portion of the target behind the electrode. Because the target does 
not glow where it is shielded from electrons, the control electrode casts a shadow 
on the glowing target. The extent of this shadow varies from approximately 100 
degrees of the target, when the control electrode is much more negative than the 
target, to aero degrees when the control electrode is at approximately the same 
potential as the target. 

In the application of the electron-ray tube, the potential of the control electrode 
is determined by the voltage on the grid of the triode section, as can be seen in 
Fig. 35. The flow of the triode's plate current through resistor R produces a voltage 
drop which determines the potential of the control electrode. When the voltage 
of the triode grid changes in the positive direction, plate current increases, the 
potential of the control electrode goes down because of the increased drop across R, 
and the shadow angle widens. When the potential of the triode grid changes in 
the negative direction, the shadow angle narrows. 




Fig. 34 Fig. " 



Electron-ray tubes are widely used as tuning indicators in radio receivers. In 
this use, avc voltage is applied to the grid of the triode. Since avc voltage is at a 
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maximum when the set is tuned to give maximum response to the station, the 
shadow angle is at a minimum when the set is tuned exactly to the desired station. 
Thus the electron-ray tube gives a convenient visual indication of correct tuning. 
The choice between the electron-ray types 6Ef and 6G5 for a receiver depends on 
the receiver's avc characteristic. The 6E5 has a sharp cut-off triode which closes 
the shadow angle on a comparatively small value of avc voltage. The 6G1 has a 
remote cut-off triode which closes the shadow angle on a larger value of avc voltage 
than the 6E5. 

Electron-ray tubes are also used as indicators in vacuum-tube voltmeters. In 
this application, an electron-ray tube has the advantage that it does not draw current 
from the circuit connected to its input terminals. 

OSCILLATION 

As an oscillator, a radio tube can be employed to generate a continuously 
alternating voltage. In present-day radio broadcast receivers, this application is 
limited practically to superheterodyne receivers for supplying the heterodyning 
frequency. Several circuits (represented in Figs. 36A and 36B) may be utilized, 
but they all depend on feeding more energy from the plate circuit to the grid circuit 
than is required to equal the power loss in the grid circuit. Feed-back may be 





Fig. 36A 



Fig. 36B 



produced by electrostatic or electromagnetic coupling between the grid and plate 
circuits. When sufficient energy is fed back to more than equal the loss in the grid 
circuit, the tube will oscillate. The action consists of regular surges of power 
between the plate and the grid circuit at a frequency dependent on the circuit 
constants of inductance and capacity. By proper choice of these values, the 
frequency may be adjusted over a very wide range. 

FREQUENCY CONVERSION 

Frequency conversion is used in superheterodyne receivers to change the 
frequency of the r-f signal to an intermediate frequency. To perform this change 
in frequency, a frequency-converting device consisting of an oscillator and a 
frequency mixer is employed. In such a device, shown diagiammatically in Fig. 37, 
two voltages of different frequency, the 
r-f signal voltage and the voltage gen- 
erated by the oscillator, are applied to 
the input of the frequency mixer. 
These voltages beat, or heterodyne, 
within the mixer tube to produce a 
plate current having, in addition to 
the frequencies of the input voltages, 
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FREQUENCY CONVERTER 
Fig. J7 

numerous sum and difference frequencies. The output circuit of the mixer stage 
is provided with a tuned circuit which is adjusted to select only one beat frequency, 
i.e., the frequency equal to the difference between the signal frequency and the 
oscillator frequency. The selected output frequency is known as the intermediate 
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frequency, or i.f. The output frequency of the mixer tube is kept constant for 
all values of signal frequency by tuning the oscillator to the proper frequency. 

Important advantages gained in a receiver by the conversion of signal frequency 
to a fixed intermediate frequency are high selectivity with few tuning stages and 
a high, as well as stable, overall gain for the receiver. 

Three methods of frequency conversion for superheterodyne receivers are of 
interest. These methods are alike in that they employ a frequency-mixer tube in 
which plate current is varied at a combination of the signal frequency and the 
oscillator frequency. These variations in plate current produce across the tuned 
plate load a voltage of the desired intermediate frequency. The three methods differ 
in the types of tubes employed and in the means of supplying input voltages to the 
mixer tube. 

A method widely used before the availability of tubes especially designed for 
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or 
a pentode, in which oscillator voltage and signal voltage are applied to the same 
grid. In this method, coupling between the oscillator and mixer circuits is obtained 
by means of inductance or capacitance. 

A second method employs a tube especially designed for frequency-converter 
service, in which the oscillator and the frequency mixer are combined in one tube. 
With this tube, called a pentagrid converter, coupling between the oscillator and 
mixer circuits is obtained by means of the electron stream within the tube. The 
arrangement of electrodes in a pentagrid converter tube is shown in Fig. 3 8 A. 
Grids No. 1 and No. 2 and the cathode are connected to an external circuit to act 
as a triode oscillator. Grid No. 1 is the grid of this oscillator and grid No. 2 is 
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-CATHODE 
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Fig. 38A Fig. 38B 



the anode. These two grids and the cathode can be considered to be a composite 
cathode which supplies to the rest of the tube an electron stream that varies at 
oscillator frequency. This varying electron stream is also controlled by the r-f 
voltage on grid No. 4. Thus, the variations in plate current are due to the com- 
bination of the oscillator and the signal frequencies. The purpose of grids No. 1 
and No. 5, which are connected together within the tube, is to accelerate the 
electron stream and to shield grid No. 4 electrostatically from the other electrodes. 
The 6A8 and 1C6 are examples of the pentagrid-converter types. 

A third method employs a tube particularly designed for short-wave reception. 
This tube, called a pentagrid mixer, has two independent control grids and is used 
with a separate oscillator tube. R-f signal voltage is applied to one of the control 
grids and oscillator voltage is applied to the other. It follows that the variations 
in plate current are due to the combination of the oscillator and signal frequencies. 
The arrangement of electrodes in a pentagrid-mixer tube is shown in Fig. 38B. 
The two control grids are No. 1 and No. 3. The r-f signal voltage is applied to 
No. 1. This grid is a remote cut-off grid and is, therefore, suited for control by 
avc bias voltage. The oscillator voltage is applied to No. 3 grid. This grid is a 
sharp cut-off grid and, therefore, produces a comparatively large effect on plate 
current for a small amount of oscillator voltage. Grids No. 2 and No. 4 are tied 
together within the tube. They serve to accelerate the electron stream and to shield 
grid No. 3 electrostatically from the other electrodes. Grid No. 5 functions similarly 
to the suppressor in a pentode. The 6L7 is a pentagrid-mixer tube. 
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The installation of radio tubes requires care if high-quality performance is to be 
obtained from the associated radio circuits. Installation suggestions and precautions 
which are generally common to all types of tubes are covered in this section. Careful 
observance of these suggestions will do much in helping the experimenter and radio 
technician to obtain the full performance capabilities of radio tubes and circuita. 
Additional and pertinent information is given under each tube type and in the 
CIRCUIT SECTION. 



FILAMENT AND HEATER POWER SUPPLY 

The design of radio tubes allows for some variation in the voltage and current 
supplied to the filament or heater, but most satisfactory results are obtained from 
operation at the rated values. When the voltage is low, the temperature of the 
cathode is below normal, with the result that electron emission is limited. This may 
cause unsatisfactory operation and reduced tube life. On the other hand, high 
cathode voltage causes rapid evaporation of cathode material and shortened life. 
To insure proper tube operation, the filament or heater voltage should be checked 
at the socket terminals by means of an accurate voltmeter while the receiver is in 
operation. In the case of series operation of heaters, correct adjustment can be 
checked by means of an ammeter in the heater circuit. 

The filament or heater voltage supply may be a direct-current source (a battery 
or a d-c power line) or an alternating-current power line, depending on the type of 
service and type of tube. Frequently, a resistor (either variable or fixed) is used 
with a d-c supply to permit compensation for battery voltage variations or to adjust 
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-down 
transformer is used with an a-c supply to provide the proper filament or heater 
voltage. Receivers, however, intended for operation on both d-c and a-c power 
lines have the heaters connected in series with a suitable resistor and supplied directly 
from the power line. 

D-c filament or heater operation should be considered on the basis of the 
source of power. In the case of dry-battery supply, a variable resistor in series with 
the filament and the battery is required to compensate for battery variations. It is 
also recommended that an accurate voltmeter or milliammeter be permanently installed 
in the receiver to insure operation of the tubes at their rated filament voltage. 
Turning the set on and off by means of the rheostat is advised to prevent over-voltage 
conditions after an off-period. The voltage of dry-cells rises during off -periods. 
In the case of storage-battery supply, air-cell-battery supply, or d-c power supply, a 
non-adjustable resistor of suitable value may be used. It is well, however, to check 
initial operating conditions, and thus the resistor value, by means of a voltmeter 
or ammeter. A resistor is not required in some types of service, such as in the 
operation of the 2-volt series of tubes on a single storage-cell, and the 6.3-volt 
series of tubes from a 6-volt storage battery. 

The filament or heater resistor required when heaters and/or filaments are 
operated in parallel can be determined easily by a simple formula derived from 
Ohm's law. 

Supply volts — Rated volts of tube type 
Required Resistance (ohm.) = Tocal rated filamem current (ampere3 ) 



Thus, if a receiver using three 32's, two 30's, and two 3 l's is to be operated from 
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry cells 
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere 
(the sum of 5X0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms. 
Since this resistor should be variable to allow adjustment for battery depreciation, 
it is advisable to obtain the next larger commercial size, although any value between 
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the 
resistor, the wattage rating should be sufficiently large to prevent overheating. The 
power dissipation in watts is equal to the voltage drop in the resistor multiplied by 
the total filament current in amperes. Thus, for the example above, 1 XX).56=0.J6 
watts. In this case, the value is so small that any commercial rheostat with suitable 
resistance will be adequate. 
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For the case where the heaters and/or filaments of several tubes are operated 
in series, the resistor value is calculated by the following formula, also derived from 
Ohm's law. 

_ . . „ . . . , Supply volts — Total rated volts of tube* 

Required Reaiitanee (ohms) = -^LS _ , . , 

Rated amperes of tubes 

Thus, if a receiver having one 6A8, one 6K7, one 6B8, one 25A6, and one 25Z6 
is to be operated from a 120-volt power line, the series resistor is equal to 120 volts 
(the supply voltage) minus 68.9 volts (the sum of JX6.3 volts + 2X25 volts) 
divided by 0.3 ampere (current rating of these tubes), i.e., approximately 170 ohms. 
The wattage dissipation in the resistor will be 120 volts minus 68.9 volts times 0.3 
ampere, or approximately 15.3 watts. A resistor having a wattage rating in excess 
of this value should be chosen. It will be noted in the example for series operation 
that all tubes have the same current rating. If it is desired to connect in series 
tubes having different current ratings, tubes of the lower ratings should have shunt 
resistors placed across their heater terminals to pass the excess current. The 
required series resistor is then calculated on the basis of the tubes having the highest 
current rating. 

A-c filament or heater operation should be considered on the basis of either 
a parallel or a series arrangement of filaments and /or heaters. In the case of the 
parallel arrangement, a step-down transformer is employed. Precautions should be 
taken to see that the line voltage is the same as that for which the primary of the 
transformer is designed. The line voltage may be determined by measurement with 
an a-c voltmeter (0-150 volts). 

If the line voltage measures in excess of that for which the transformer is 
designed, a resistor should be placed in series with the primary to reduce the line 
voltage to the rated value of the transformer primary. Unless this is done, the 
excess input voltage will cause proportionally excessive voltage to be applied to the 
tubes. Any radio tube may be damaged or made inoperative by excessive operating 
voltages. 

If the line voltage is consistently below that for which the primary of the 
transformer is designed, it may be necessary to install a booster transformer between 
the a-c outlet and the transformer primary. Before such a transformer is installed, 
the a-c line fluctuations should be very carefully noted. Some radio sets are 
equipped with a line-voltage switch which permits adjustment of the power 
transformer primary to the line voltage. When this switch is properly adjusted, 
the series-resistor or booster-transformer method of controlling line voltage is seldom 
required. 

In the case of the series arrangements of filaments and /or heaters, a voltage- 
dropping resistance in series with the heaters and the supply line is usually required. 
This resistance should be of such value that, for normal line voltage, tubes will 
operate at their rated heater or filament current. The method for calculating the 
resistor value is given above. 

HEATER-TO-CATHODE CONNECTION 

The cathodes of heater-type tubes, when operated from a.c, should be connected 
either to the mid -tap on the heater-supply winding or to the mid-tap of a 50-ohm 
(approximate) resistor shunted across the winding. This practice follows the 
general recommendation that the potential difference between heater and cathode 
be kept low. In high-gain resistance-coupled circuits, the use of 10 volts is 
suggested to minimize hum. If a large resistor is used between heater and cathode, 
it should be by-passed by a suitable filter network or objectionable hum may develop. 
In the case of the 6.3-volt heater-cathode types when operated from a storage 
battery, the cathodes are connected either directly or through biasing resistors to 
the negative battery terminal. When a series-heater arrangement is used, the 
cathode circuits should be connected either directly or through biasing resistors to 
the negative side of the d-c plate supply, which is furnished either by the d-c power 
line or by the a-c power line through a rectifier. 
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PLATE VOLTAGE SUPPLY 

The plate voltage for radio tubes is obtained from batteries, devices for 
rectifying ax., direct-current power lines, and small local generators. Auto radios 
have caused the commercial development of a number of devices for obtaining a 
high'voltage d-c supply either from the car storage-battery or from a generator 
driven by the car engine. 

The maximum plate voltage value for any tube type should not be exceeded if 
most satisfactory performance is to be obtained. Plate voltage should not be applied 
to a tube unless the corresponding recommended grid voltage is also supplied to 
the grid. 

GRID VOLTAGE SUPPLY 

The recommended grid voltages for different operating conditions have been 
carefully determined to give the most satisfactory performance. Grid voltage may 
be obtained from a separate C-battery, a tap on the voltage divider of the high- 
voltage d-c supply, or from the voltage drop across a resistor in the cathode circuit. 
This last is called the "self-bias" method, since the cathode current of the tube is 
utilized to produce the bias voltage. In any case, the object of the connection is 
to make the grid negative with respect to the cathode by the specified voltage. 
With C-battery supply, the negative battery terminal is connected to the grid return. 
The positive battery terminal is connected to the negative filament socket terminal, 
or to the cathode terminal if the tube is of the heater-cathode type. If the filament 
is supplied with alternating current, this connection is usually made to the center-tap 
of a low resistance (20-50 ohms) shunted across the filament terminals. This method 
reduces hum disturbances caused by the a-c supply. If bias voltages are obtained 
from the voltage divider of a high-voltage d-c supply, the grid return is connected 
to a more negative tap than the cathode. 

The self-biasing method utilizes the voltage drop produced by the cathode 
current flowing through a resistor (Fig. 39) connected between the cathode and the 
negative terminal of the B-supply. The cathode current is, of course, equal to the 
plate current in the case of a triode, or to the sum of the plate and screen current 
in the case of a tetrode, pentode, or beam power tube. Since the voltage drop 
along the resistance is increasingly negative with respect to the cathode, the required 
negative grid-bias voltage can be obtained by connecting the grid return to the 
negative end of the resistance. 




Fig. 39 



The size of the resistance for self-biasing a single tube can be determined from 
the following formula: 

Resistance (ohms) Desired grid - bias voltage X 1000 

Rated cathode current in mOliamperes 

Thus, the resistance required to produce 9 volts bias for a triode which operates at 
3 milliamperes plate current is 9X1000/3 = 3000 ohms. If the cathode current of 
more than one tube passes through the resistor, the size of the resistor will be 
determined by the total current. As indicated above, for tetrodes, pentodes, or 
beam power tubes, the cathode current is the sum of the screen and the plate current. 
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Grid voltage variation for the r-f amplifier stages is a convenient and frequently 
used method for controlling receiver volume. The variable voltage supplied to the 
grid is obtained from a bleeder circuit by means of a potentiometer; by the self'bias 
method using a variable resistor; or, with automatic volume control (avc), from a 
bleeder circuit by means of changes in bleeder current caused by the avc tube. In 
any case, it is important that the control be arranged so that less than the minimum 
recommended grid'bias voltage cannot be applied to the grid. This requirement 
may be met by a stop on the potentiometer, by a fixed resistance in series with the 
variable section, or by a fixed cathode resistance in addition to the regulating resistor. 
See Figs. 40 to 42. 




Fig. 40 Fig. 41 Fig. 42 



SCREEN VOLTAGE SUPPLY 

The positive voltage for the screen of a radio tube is usually obtained from a 
tap on the B-supply. For screen grid types of the four-electrode (or tetrode) 
construction, the screen voltage should be obtained by connecting the screen either 
directly to the proper voltage tap or through a potentiometer connected across the 
B-supply, but never through a series resistance to a high-voltage supply. This latter 
arrangement will not usually be satisfactory because of screen-current variatioaB. 
Pentodes and beam power tubes, however, may utilize the series-resistor arrangement 
because tubes having suppressor action provide greater uniformity of the screen- 
current characteristic. Fig. 43 shows a pentode with screen voltage supplied through 
a series resistor. 




Fig. 43 Fig- 44 



Screen voltage variation for the r-f amplifier stages is sometimes used for 
volume control of the receiver. Reduced screen voltage lowers the mutual con- 
ductance of the tube and results in decreased gain per stage. The voltage variation 
is obtained by means of a potentiometer shunted across the screen voltage supply. 
See Fig. 44. 

SHIELDING 

In high-frequency stages having high gain, the output circuit of each stage 
must be shielded from the input circuit of that stage. Each high-frequency stage 
also must be shielded from the other high-frequency stages. Unless shielding is 
employed, undesired feedback may occur and may produce many harmful effects on 
receiver performance. To prevent this feedback, it is a widely followed practice 
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to shield separately each unit of the high-frequency stages. For instance, in a 
superheterodyne receiver, each i'f and r-f coil may be mounted in a separate shield 
can. Baffle plates may be mounted on the ganged tuning condenser to shield each 
section of the condenser from the other sections. The oscillator coil may be 
especially well-shielded by being mounted under the chassis. The shielding 
precautions required in a receiver depend on the design of the receiver and the 
layout of the parts. However, in all receivers having high-gain high-frequency 
stages, it is necessary to shield separately each tube in the high-frequency stages. 
With all-metal tubes, complete shielding of each tube is provided by the metal shell 
of the tube. 

FILTERS 

Feed-back effects also are caused in radio receivers by coupling between stages 
through common voltage-supply circuits. Filters find an important use in minimising 
such effects. They should be placed in voltage-supply leads to each tube in order 
to return the signal current through a low-impedance path direct to the tube cathode 
rather than by way of the voltage-supply circuit. Fig. 45 illustrates several forms 
of filter circuits. In these, the condenser forms the low-impedance path, while the 
choke or resistor assists in diverting the signal through the condenser by offering a 
high-impedance to the power-supply circuit. 

The choice between a resistor and a choke depends chiefly upon the permissible 
d-c voltage drop through the filter. In circuits where the current is small (a few 
milliamperes) resistors are practical; where the current is large, or regulation 
important, chokes are more suitable. 
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Fig. 45 



The minimum practical size of the condensers may be estimated in most cases 
by the following rule: The impedance of the condenser at the lowest frequency 
amplified should not be more than one-fifth of the impedance of the filter choke or 
resistor at that frequency. Better results will be obtained in special cases if the 
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high 
frequencies, require high-quality condensers. Mica condensers are preferable. 
Where stage shields are employed, filters should be placed within the shield. 

Another important application of filters is to smooth the output of a rectifier 
tube. See RECTIFICATION. A smoothing filter usually consists of condenser! 
and iron-core chokes, as in Fig. 46. In any filter design problem, the load 
impedance must be considered as an integral part of the filter because the load fa 
an important factor in filter performance. Smoothing effect is obtained from 
the chokes because they are in series with the load and offer a high impedance to 
the ripple voltage. Smoothing effect is obtained from the condensers because they 
are in parallel with the load and store energy on the voltage peaks; this energy fa 
released on the voltage dips and serves to maintain the voltage at the load 
substantially constant. 

Smoothing filters are classified as choke-input or condenser-input according to 
whether a choke or condenser is placed next to the rectifier tube. See Fig. 46. 
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The CIRCUIT SECTION gives a number of examples of rectifier circuits with 
recommended filter constants. 
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Fig. 46 



If an input condenser is used, consideration must be given to the instantaneous 
peak value of the a-c input voltage. This peak value is about 1.4 times the RMS 
value as measured by an a'c voltmeter. Filter condensers, therefore, especially the 
input condenser, should have a rating high enough to withstand the instantaneous 
peak value, if breakdown is to be avoided. When the input'choke method is used, 
the available d«c output voltage will be somewhat lower than with the input' 
condenser method for a given a-c plate voltage. However, improved regulation 
together with lower peak current will be obtained. 

OUTPUT-COUPLING DEVICES 

An output'coupling device is used in the plate circuit of a power output tube 
to keep the comparatively high d-c plate current from the winding of an electro- 
magnetic speaker and, also, to transfer power efficiently from the output stage to a 
loudspeaker of either the electro-magnetic or dynamic type. 
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Output-coupling devices are of two types, (1) choke-condenser and (2) trans- 
former. The choke-condenser type consists of an iron-core choke with an inductance 
of not less than 10 henrys which is placed in series with the plate and B-supply. 
The choke offers a very low resistance to the d-c plate current component of the 
signal voltage but opposes the flow of the fluctuating component. A by-pass 
condenser of 2 to 6 /if supplies a path to the speaker winding for the signal voltage. 
The transformer type is constructed with two separate windings, a primary and a 
secondary, wound on an iron core. This construction permits of designing each 
winding to meet the requirements of its position in the circuit. Typical arrangements 
of each type of coupling device are shown in Fig. 47. Examples of transformers 
for push-pull stages are shown in several of the circuits given in the CIRCUIT 
SECTION. 
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The following table classifies RCA tubes according to their functions and 
cathode voltages. It is intended to assist the tube user in identifying type numbers 
and in choosing a tube type for an application. As new tubes have been made 
available, the importance of certain earlier types for new equipment designs has 
decreased. This decrease in importance to the designer is indicated in the table by 
showing these types in small light face. The new All'Metal types are identified by 
large bold face. 



Cathode Volts 


1.1 h.s 


2.0 


2.5 


3.3 


5.0 


6.3 


7.5 


12.6 


25 


30 


DIODES 

Detector (twin) 














AHA 










Rectifier (half-wave) 
Rectifiei (full-wave, vacuum) 
Rectifier (full-wave, mercury) 
Rectifier-Doubler 














1-v 


81 


12Z3 
















5W4, 5Z4, 5Z3 

BO, 83-v 


6X5, 84 
















82 




53 






























25Z6 

25Z5 




TRIODES 

Voftage amplifier (medium mu) 
Voltage amplifier (high mu) 
Power amplifier 
Class B amplifier (twin) 
Class B amplifier (dual grid) 


11, 12 


26 


30 


27, 56 


'99 


00-A, 01 -A, 40 


6C5, 76, 37 






















6F5 














31 


2A3, 45 


20 


71-A, 112-A 




10, 50 












19 


53 






6N7, 6A6, 79 














49 


46 
















TETRODES 

Voltage amplifief (sharp cut-off) 
Voltage amplifier (remote cut-off) 
Power amplifier 






32 


24-A 


22 




36 
















35 




































48 


BEAM POWER TUBES 














6L6> 






25L6 




Voltage amplifier (sharp cut-off) 
Voltage amplifier (remote cut-off) 
Power amplifier 






1B4, 15 


57 






6J7, 6C6, 77 














1A4, 34 


58 






6K7, 6D6, 78 

39 /44 














1F4, 33 


2A5, 47 
59 






6F6, 38, 41 

42, 6A4, 39 






25A6 

43 




PENTAGRID CONVERTERS 




1A6.1C6 


2A7 






6A8, 6A7 










PENTAGRID MIXER 














6L7 










DUPLEX-DIODE TYPES 

With medium-mu Iriode 
With high mu Iriode 
With pentode 






1B5/25S 


55 






6R7, 85 
















2A6 






6Q7, 75 














1F6 


2B7 






6B8, 6B7 










TRIODE-PENTODE 














6F7 










ELECTRON. RAY TUBES 

With sharp cut-off ttiode 
With remote cut-off triode 














6E5 






















6G5 











KEY TO TERMINAL DESIGNATIONS OF SOCKETS 

Alphabetical subscripts D, P, and T indicate, respectively, diode unit, pentode 
unit, and triode unit in multi-unit types. 

Numerical subscripts are used (1) in multi'grid types to indicate relative 
position of grids to cathode or filament, and (2) in multi'unit types to differentiate 
between two identical electrodes which would otherwise have the same designation. 

BP = Bayonet Pin H = Heater P BF = Beam-Forming Platet 

F = Filament K = Cathode S = Shell 

G=6rid NC = No Connection TA = Target 

P - Plate 

Bottom views of sockets are shown throughout this book. 
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RCA-OO-A 



DETECTOR 

The OO-A is a three-electrode 
storage-battery tube of the gas-filled 
type for use as a sensitive grid-leak 
detector. 



RCA-OI-A 

DETECTOR, AMPLIFIER 

The 01 -A is a three-electrode 
storage-battery tube for use as a 
detector and as an amplifier. Base 
connections are same as for the 00-A. 




*-l MAX. 




CHARACTERISTICS 



00-A 01 -A 



Filament Voltage (D. C.) 


5.0 




5.0 


Volts 




. . . 0.25 


0.25 


Ampere 






90 


135 max. 


Volts 




0 


-4.5 


-9 


Volts 




1.5 


2.5 


3.0 


Milliamperes 




, . 30000 


11000 


10000 


Ohms 




20 


8 


8 






. . . 666 


725 


800 


Micromhos 




8.5 




8.1 


Mit 




3.2 




3.1 




Plate-Filament Capacitance . . 


2.0 




2.2 






S-14 


ST- 14 





Base Medium 4-Pin Bayonet Medium 4-Pin Bayonet 



INSTALLATION AND APPLICATION 

The base pins of the 00-A and 01- A fit the standard four-contact socket which 
should be installed to hold, the tube in a vertical position. 

As a detector, the 01- A may be operated either with conventional grid leak 
and condenser or with grid bias. For grid-bias detection, plate voltages up to the 
maximum value of 135 volts may be used with the corresponding negative grid-bias 
voltage (13.5 volts approximately, at 135 volts). 

These two types are used principally for renewal purposes. 
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RCA-1 A4 

SUPER -CONTROL R-F 
AMPLIFIER PENTODE 

The 1A4 is a super-control pentode 
of the filament type. It is useful 
as a radio - frequency amplifier or 
intermediate - frequency amplifier in 
battery-operated receivers. The 1A4, 
although similar in application to type 34, is constructed in a smaller bulb and. 
because of its less remote cut-off characteristic, requires less B-battery power. 





CHARACTERISTICS 

Filament Voltage (D. C.) 2.0 Volts 

Filament Current 0.060 Ampere 

Plate Voltage 90 180 max. Volts 

Screen Voltage (Grid No. 2) 67.5 max. 67.5 max. Volts 

Grid Voltage (Grid No. 1) -3 min. -3 mm. Volts 

Plate Current 2.2 2.3 Miliiampere. 

Screen Current 0.9 0.8 Mflliampew 

Plate Resistance (Approx.) 0.6 1.0 Megohm 

Amplification Factor 425 750 

Transconductance 720 750 Micromhos 

Transconductance (At — 15 volts bias). . . 15 15 Micromhos 

Grid-Plate Capacitance (With shield -can) 0.007 max. «tf 

Input Capacitance 5 /ipf 

Output Capacitance 11 «" 

Bulb ST' 1 2 

Cap Small Metal 

Base . \ ......... .. \ .. Small 4-Pin 



INSTALLATION AND APPLICATION 

For INSTALLATION and APPLICATION, refer to type 34. 



AVERAGE PLATE CHARACTERISTICS 



6 



2 



1 1 1 1 

TYPE IA4 

E x = 2.0 VOLTS D.C. 




















SC 


SEEN 


VOLTS 


= 67. S 
































CON 


ROL - 


GRI0_ 


ZOLTS 


: cl =o 






















-i 
























-2 



























E 


C.=-3 




























— 4 

-5 

-6 




























-7 











SO 160 240 320 

PLATE VOLTS 



— 41 — 



1 9|« max.*- 




RCA-I A6 




PENTAGRID CONVERTER 

The 1A6 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneously the function of a 
mixer tube and of an oscillator tube 
in superheterodyne circuits. Through 
its use, the independent control of each function is made possible within a single 
tube. The 1A6 is designed especially for use in battery-operated receivers. In such 
service, this tube replaces the two tubes required in conventional circuits and givet 
improved performance. For general discussion of pentagrid types, see Frequency 
Conversion, page 31. 



CHARACTERISTICS 



Filament Voltage (D. C). 



Direct Interelectrode Capacitances (Approx.) 

Grid No. 4 to Plate (With shield'can) 

Grid No. 4 to Grid No. 2 (With shield-can) 

Grid No. 4 to Grid No. 1 (With shield-can) 

Grid No. 1 to Grid No. 2 : 

Grid No. 4 to All Other Electrodes (R-F Input) . . . 

Grid No. 2 to All Other Electrodes (Osc. Output) . 

Grid No. 1 to All Other Electrodes (Osc. Input) . . 

Plate to All Other Electrodes (Mixer Output) 

Bulb 

Cap 

Base 



2.0 


Volts 


0.060 


Ampere 


0.25 




0.2 


fL/lf 


0.1 


fipi 


0.8 




10.5 


llflf 


6 


ppf 


5 


wf 


9 


««f 




ST- 12 




Small Metal 




Small 6-Pin 



Converter Service 

Plate Voltage 180 max. Volts 

Sr.PFEN Voltage (Grids No. 3 and 5) 67.5 max. Volts 

A^ode-Grid Voltage (Grid No. 2) 135 max. Volts 

Anode-Grid Voltage Supply* 180 max. Volts 

Grid Voltage (Grid No. 4) -3 mm. Volts 

T<' -\l Cathode Current 9 max. Milliamperes 

Typical Operation 

PWte Voltage 

Screen Voltage 

Anode-Grid Voltage 

Anode-Grid Voltage Supply 

Control-Grid Voltage 

OcilLator-Grid Resistor (Grid No. 1) 50000 

Plate Current 

Screen Current 

Anode-Grid Current 

Oscillator-Grid Current 

Total Cathode Current 

Plate Resistance 

Conversion Conductance 

Conversion Conductance (At -22.5 volts 

on Grid No. 4) 

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 ni condenser. 
The transconductance of the oscillator portion (not oscillating) of the 1A6 is 425 micromhos under 
the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-grid voltage 
(no voltage-dropping resistor), 135 volts; and zero oscillator grid volts, 
the anode-grid current is 2.3 milliamperes. 



135 


180 


67.5 


67.5 


135 


135 


135 


180* 


-3 


-3 


50000 


50000 


1.2 


1.3 


2.5 


2.4 


2.3 


2.3 


0.2 


0.2 


6.2 


6.2 


0.4 


0.5 


275 


300 



Volts 
Volts 
Volts 
Volts 
Volts 
Ohms 

Milliamperes 

Milliamperes 

Milliamperes 

Milliampere 

Milliamperes 

Megohm 

Micromhos 

Micromhos 



Under these same conditiou 
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RCA RECEIVING TUBE MANUAL 



INSTALLATION 

The base pins of the 1A6 require the use of a standard six-contact socket 
which should be installed to hold the tube in a vertical position. 

The coated filament of the 1A6 may be operated conveniently from dry-cells, 
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation, 
a filament rheostat may be used together with a permanently installed voltmeter to 
insure the proper filament voltage. For operation from a 2-volt lead storage-cell, 
the 1A6 requires no filament resistor. Operation from an air-cell battery requires a 
filed resistor in the filament circuit. This resistor should have a value such that 
with a new air-cell battery, the voltage applied across the filament terminals will 
not initially exceed 2.15 volts. 

Series operation of the filament of the 1A6 with those of other two-volt battery 
types is permissible provided certain precautions are observed. It is essential that 
shunt resistors be employed across certain filaments to carry the plate current 
returning from other tubes through these filaments. The shunt resistors should be 
adjusted to maintain the filament voltage of each tube at its rated value of 2.0 volts 
under operating conditions. It is obvious that the shunt resistor can also be used 
to adjust for a difference in filament current ratings. Series-parallel operation of 
two-volt types is not recommended because failure of one tube may cause excessive 
voltage across other tubes. Socket terminal No. 1 (see socket connections) should 
be connected to the positive battery terminal. 

Complete shielding of the 1A6 is generally necessary to prevent intercoupling 
between its circuit and those of other stages. 

APPLICATION 

As a frequency converter in superheterodyne circuits, the 1A6 can supply the 
local oscillator frequency and at the same time mix it with the radio-input frequency 
to provide the desired intermediate frequency. For this service, design information 
is given under CHARACTERISTICS. It is important to note that the anode-grid 
voltage and the plate voltage must each be higher than the screen voltage. 

For the oscillator circuit, the coils may be constructed according to conventional 
design, since the tube is not particularly critical for frequencies up to 10 megacycles. 
For higher frequencies the 1C6 should be used. However, it should be noted that 
the 1C6 requires additional filament current. The voltage applied to the anode-grid 
(No. 2) of the 1A6 should not exceed the maximum value of 135 volts, but should 
always be higher than the screen (grids No. 3 and No. 5) voltage. The anode-grid 
voltage may be obtained from a suitable tap on the B battery or from the plate-supply 
tap through a voltage-dropping resistor of 20000 ohms shunted by a by-pass 
condenser of 0.1 /if. The size of the resistor in the grid circuit of the oscillator is 
not critical but requires design adjustment, depending upon the values of the anode- 
grid voltage and of the screen voltage. Adjustment of the circuit should be such 
that the cathode current is approximately 6 milliamperes. UndeT no condition of 
adjustment should the cathode current exceed the recommended maximum value of 
9 tntllidmperes. 

The bias voltage applied to grid No. 4 can be varied over relatively wide limits 
to control the translation gain of the tube. For example, with 67.5 volts on the 
screen (grids No, 3 and No. 5), the bias voltage may be varied from —3 to plate 
current cut-off (approximately -25 volts). With lower screen voltages, the cut-off 
point is proportionately less. The extended cut-off feature of the 1A6 in com- 
bination with the similar characteristics of super-control tubes can be utilized 
advantageously to adjust receiver sensitivity. 

Since the capacity between grid No. 4 and plate is in a parallel path with the 
capacity and inductance of the plate load, it is important to use a load capacity of 
sufficient size to limit the magnitude of the r-f voltage built up across the load. If 
this is not done, r-f voltage feed-back will occur between plate and grid No. 4 to 
produce degenerative effects. For this reason, the size of the load condenser in 
the plate circuit should be not less than 50 upl. 

Converter circuits employing the 1A6 may easily be designed to have a trans- 
lation gain of approximately 40. A typical circuit which provides exceptionally 
uniform oscillator output over the entire grid-bias range is shown under type 1C6. 
For details of oscillator coil assemblies, refer to type 2A7. 
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♦ I ?lg MAX.* 



RCA-I B4 



R-F AMPLIFIER PENTODE 

The 1B4 is a pentode of the fila- 
ment type. It is recommended for 
use primarily as a radio - frequency 
amplifier or detector in battery-oper- 
J " " ated receivers. The 1B4 is similar 

in application to type 32 but is constructed in a smaller bulb. 




CHARACTERISTICS 

Filament Voltage (D. G.) 2.0 Volts 

Filament Current 0.060 Ampere 

Plate Voltage 90 180 max. Volts 

Screen Voltage (Grid No. 2) 67.5 max. 67.5 max. Volts 

Grid Voltage (Grid No. 1) -3 -3 Volts 

Plate Current 1.6 1.7 Miliiamperes 

Screen Current 0.7 0.6 Milliampere 

Plate Resistance 1 1.5 Megohms 

Amplification Factor 550 1000 

Transconductancb 600 650 Micromhos 

Grid Voltage* (Approx.) -8 -8 Volts 

Grid-Plate Capacitance ( With shield-can) 0.007 max. ppf 

Input Capacitance 5 puf 

Output Capacitance 11 ^f 

Bulb ST- 12 

Cap Small Metal 

Base Small 4-Pin 

* For plate current cut-off. 



INSTALLATION AND APPLICATION 

For INSTALLATION, refer to type 34; for APPLICATION, refer to type 32. 



AVERAGE PLATE CHARACTERISTICS 



1 1 1 

TYPE I B4 
E * = 2.0 VOLTS C 


-C. 
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*■ I %ie MAX.-* 



RCA-I B5/25S 



nr 




2.0 


Volts 


0.06 


Ampere 


3.6 




1.6 


Wit 


1.9 


H/if 




ST- 12 




Small 6-Pin 



DUPLEX- DIODE TRIODE 

The 1B5/25S is a filament type of 
tube containing two diodes and a 
triode in a single bulb. It is recom- 
mended for use as a combined 
detector, amplifier, and automatic- 
volume-control tube in battery-operated receivers. For diode-detector consideration*, 
refer to page 26. 

CHARACTERISTICS 

Filament Voltage (D. C.) 

Filament Current 

Grid-Triode Plate Capacitance 

Grid-Filament Capacitance 

Triode Plate-Filament Capacitance 

Bulb 

Base 

Triode Unit — As Class Ai Amplifier 

Plate Voltage 135 max. 

Grid Voltage -3 

Plate Current 0.8 

Plate Resistance 35000 

Amplification Factor 20 

Transconductance 575 Miciomhos 

Diode Units 

The two diodes and the triode are independent of each other except for the 
common filament. Diode plate No. 1 is located at the negative end of the filament; 
diode plate No. 2 is located at the positive end. Because of this arrangement, diode 
plate No. 1, when the diodes are used for different purposes, should be used for 
detection to avoid signal delay effects. Operation curves for the diode units are 
given under type 6B7. 

INSTALLATION AND APPLICATION 
The base pins of the 1B5/25S require the use of a standard six-contact socket 
which should be installed to hold the tube in a vertical position. 
For filament operation and shielding, refer to type IA6. 
The 1B5/25S is similar in application to the type 6R7. 

AVERAGE PLATE CHARACTERISTICS 

TRIODE UNIT 



Volts 
Volts 

Milliampere 
Ohms 



TYPE 
Ef = 


IBS/ 

2.0 VOL 


25S 

TS O.C. 






























o / 

uf 
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i 




o 
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/ j 
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»i 9|e max.* 

RCA-IC6 

PENTAGRID CONVERTER 

The 1C6 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneously the function of a 
mixer tube and of an oscillator tube 
in superheterodyne circuits. Through 
its use, the independent control of each function is made possible within a single 
tube. The 1C6 is designed especially for use in battery-operated receivers. In such 
service, this tube replaces the two tubes required in conventional circuits and gives 
improved performance. It is especially useful in multi-range receivers which are 
often designed to cover frequencies as high as 20 megacycles. For general discussion 
of pentagrid types, see FREQUENCY CONVERSION, page 31. 





CHARACTERISTICS 





2.0 


Volts 




0.120 


Ampere 


Direct Interelectrode Capacitances (Approx.) : 








0.3 


Hfti 




0.3 






0.15 


«*f 




1.5 


H/ii 


Grid No. 4 to All Other Electrodes (R-F Input) . . . 


10 


u/if 


Grid No. 2 to All Other Electrodes (Osc. Output) . 


6 


It/it 


Grid No. 1 to All Other Electrodes (Osc. Input) . . 


6 


Hlii 


Plate to All Other Electrodes (Mixer Output) 


10 


Hlii 






ST- 12 






Small Metal 




Small 6-Pin 



Converter Sarvlc* 

Plate Voltage 180 max. Volts 

Screen Voltage (Grids No. 3 and f) 67.5 max. Volts 

Anode-Grid Voltage (Grid No. 2) 135 max. Volts 

Anode- Grid Voltage Supply* 180 max. Volts 

Control-Grid Voltage (Grid No. 4) -3 min. Volts 

Total Cathode Current 9 max. Milliamperes 

Typical Operation 

Plate Voltage 135 180 Volts 

Screen Voltage 67-5 67.5 Volts 

Anode-Grid Voltage Supply 135* 180* Volts 

Control-Grid Voltage -3 -3 Volts 

Oscillator Grid-Resistor (Grid No. 1) 50000 50000 Ohms 

Plate Current 1-3 1.5 Milliamperes 

Screen Current (Approximate) 2 2 Milliamperes 

Anode-Grid Current 2.6 3.3 Milliamperes 

Oscillator-Grid Current 0.2 0.2 Milliampere 

Total Cathode Current (Approx.) 6.5 7 Milliamperes 

Plate Resistance 0.55 0.75 Megohm 

Conversion Conductance 300 325 Micromhos 

Conversion Conductance (At -14 

volts on Grid No. 4) 4 4 Micromhos 

The transconductance of the oscillator portion (not oscillating) of the 1C6 is 1000 micromhos 

under the following conditions: Plite voltage, 11 J to 180 volts; screen voltage, 67. J volts; anode-grid 
voltage (no voltagt- dropping resistor). 13J volts; and tero oscillator grid volts. Under these same 
conditions, the anode-grid current is 4.9 miUiamperw. 

• Applied through 20000-ohm dropping resistor, by pass e d by 0.1 it! condenser. 
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RCA RECEIVING TUBE MANUAL 



INSTALLATION 

Refer to INSTALLATION on type 1A6. 



APPLICATION 

As a frequency converter in superheterodyne circuits, the 1C6 can supply the 
local oscillator frequency and at the same time mix it with the radio-input frequency 
to provide the desired intermediate frequency. For this service, design information 
is given under CHARACTERISTICS. It is important to note that the anode-grid 
voltage and the plate voltage must each be higher than the screen voltage. 

For oscillator circuit information, refer to APPLICATION on type 1A6. 
Final adjustment of the 1C6 circuit should be such that the cathode current is 
approximately 6.5 milliamperes. The cathode current should never exceed 9 
milliampercs under any condition of adjustment. 

This tube, which is similar to the 1A6 although not directly interchangeable 
with it, requires twice the filament current of the latter, but offers the feature of 
an extended operating range at the higher frequencies. This feature is of particular 
value in the design of multi-range receivers, since the oscillator section of the 1C6 
has sufficient mutual conductance to function at frequencies as high as 25 megacycle*. 
In order to cover this same range of operation, the 1A6 requires the use of a triode 
connected in parallel with the oscillator section for frequencies above 10 megacycles. 

The maximum conversion transconductance is obtained with an oscillator-grid 
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of 
the oscillator-grid and plate coils will determine this value. The coupling of these 
coils should be adjusted to make the oscillator-grid current the proper value 
(approximately 0.2 milliampere) when a grid condenser of 250 ppi and a grid leak 
of 50000 ohms are used. For details of oscillator-coil assemblies, refer to type 2A7. 



OPERATION CHARACTERISTICS 



1.0 BC 
SCRfENCGRlOS = S7.5 

OGCIU-AltH GRIO(CRDNS1)HESUTOR-OHM5=50000 
0SCLLATOR C«ID OW«MT-»*i.lM* , ERES=a2 




-(6 -e — 3~^4 — 

CONTROL-GRID (<3RI0N>4) VOLTS 

9EC-553IRI 



TYPICAL PENTAGRD CONVERTER CIRCUIT 



TYPE IA6 OR IC6 




C = 0.1 U.f 

r^}GANGE0 VARIABLE CONDENSERS 

C3= PADDING CONDENSER 

C4— GRID CONDENSER OF 2O0JJU.-f 

Li = OSCILLATOR GRID INDUCTANCE \ rn ~ pn 

li= OSCILLATOR PLATE INDUCTANCEr cou1 - tD 

M ss MUTUAL NDUCTAKE OF Li AND Ls 

R|= OSCILLATOR GPJD LEAK _ 
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RCA-I F4 

POWER AMPLIFIER 
PENTODE 

The 1F4 is a power-amplifier pen- 
tode for use in the output stage of 
battery-operated receivers. This tube 
has low filament- and plate-current 
requirements, high power sensitivity, 
and will deliver a considerable amount of audio output with low distortion. 




CHARACTERISTICS 

Filament Voltage (D. C.) 2.0 Volts 

Filament Current 0.12 Ampere 

Plate Voltage 90 135 max. Volts 

Screen Voltage (Grid No. 2) 90 135 max. Volts 

Grid Voltage (Grid No. 1) -3 -4.5 Volts 

Plate Current 4 8 Mflliamperes 

Screen Current 1.3 2.6 Mflliamperes 

Plate Resistance 240000 200000 Ohms 

Amplification Factor 140 340 

Transconductance 1400 1700 Micromhos 

Load Resistance 20000 16000 Ohms 

Self-Bias Resistor 566 425 Ohms 

Power Output* 120 340 Milliwatts 

Bulb ST-14 

Base Medium 5 -Pin 

* 5% total harmonic distortion. 



INSTALLATION AND APPLICATION 

For INSTALLATION and APPLICATION, refer to type 33. 
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• I 9je MAX." 



RCA-I F6 

DUPLEX -DIODE PENTODE 



urn 




The 1F6 is a duplex-diode pentode 
consisting of two diodes and a pen- 
tode in a single bulb. It is recom- 
mended for service as a combined 
detector, amplifier (radio-frequency, 
intermediate- frequency or audio-frequency), and automatic-volume-control tube in 
battery-operated receivers. For diode-detector considerations, refer to page 26. 

CHARACTERISTICS 



Filament Voltage (D. C.) 

Filament Current 

Grid-Pentode Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 

Bulb 

Cap 

Base 



2.0 
0.06 

0.007 max. 
4 
9 



Volts 
Ampere 

fLfll 

Hill 
li/if 

ST- 12 
Small Metal 
Small 6 -Pin 



Pentode Unit— As Class A R-F or l-F Amplifier 



Plate Voltage 



Grid Voltace (Grid No. 1) 

Plate Current 

Screen Current 

Plate Resistance (Approx.) 

Amplification Factor (Approx.) 

Transconductance 

Transconductance (At — 12 volts bias)*. 



180 max. 


Volts 


67.5 max. 


Volts 


-1.5 


Volts 


2.0 


Milliamperes 


0.6 


Milliampere 


1 


Megohm 


650 




650 


Micromhos 


15 


Micromhos 



Pentode Unit — As Resistance-Coupled A-F Amplifier 

Plate-Supply Voltage 135 135 

Screen-Supply Voltage 135 135 

D-C Grid Voltage -1.0 -2.0 

Peak A-F Grid Voltage 0.64 0.62 

Zero-Signal D-C Plate Current.. 0.42 0.42 

Max.-Signal D-C Plate Current.. 0.34 0.34 

Plate Resistor 0.25 0.25 

Screen Resistor 1 0.8 

Load Resistance ** ** 

Grid Resistor? 1.0 0.5 1.0 0.5 

Voltage Amplification 48 43 46 41 

Total Harmonic Distortion. 5 5 5 5 

Peak Voltage Output 30.8 28 28 25.2 

** The load resistance across which the output voltage is developed, consists of 
coupling condenser, and grid resistor of the following tube, 
t for the following tube. 



Volts 
Volts 
Volts 
Volt 

Milliampere 
Milliampere 
Megohm 
Megohm 

Megohm 

Per cent 
Volte 
the plate resistor, 



* For cathode current cut-off. 



Diode Units 

The two diodes and the pentode are independent of each other except for the 
common filament. The two diode units are placed at the negative end of the 
filament. Operation curves for diode units are given under type 6B7. 

INSTALLATION AND APPLICATION 

Refer to INSTALLATION of type 1A6. The 1F6 is similar in application to 
type 6B8. The maximum value of resistance in the grid circuit of this tube should 
not exceed 1.0 megohm for any condition of operation. A family of plate charac- 
teristic curves is given on page 61. 



— 49 — 



-*l ^(e MAX.*- 



I 



RCA-l-v 



designed 
adapted 



for its 
to such 



HALF-WAVE RECTIFIER 

The 1-v is a half-wave, high- 
vacuum rectifier tube employing a 
heater cathode. It is intended for 
use in radio equipment of either the 
"universal" or the automobile type 
characteristics. The low voltage drop of this tube makes it uniquely 
service. The 1-v is interchangeable with type 1. 




CHARACTERISTICS 

Heater Voltage (A. G. or D. G.) 6.3 Volts 

Heater Current 0.3 Ampere 

A-C Plate Voltage (RMS) 350 max. Volts 

Peak Inverse Voltage 1000 max. Volts 

D-C Output Current 50 max. Milliamperes 

Bulb ST- 12 

Base Small 4-Pin 



INSTALLATION 

The base pins of the 1-v fit the standard four-contact socket which may be 
installed to hold the tube in any position. 

For heater operation, refer to type 6A8. The d-c potential between heater 
and cathode should never exceed 500 volts. 



OPERATION CHARACTERISTICS 



APPLICATION 

The filter may be either of the condenser-input or the choke-input type 
provided the recommended maximum plate voltage and output current ratings given 
under CHARACTERISTICS are not exceeded. 

If the condenser-input type of filter is used, 
consideration must be given to the instantaneous 
peak value of the a-c input voltage which, for a 
sinusoidal wave, is about 1.4 times the RMS value 
as measured with an a-c voltmeter. It is important, 
therefore, that the filter condensers (especially the 
input condenser) have a sufficiently high breakdown 
rating to withstand this instantaneous peak value. 
Particular attention must be given to this point 
when the waveshape input to the plates of the 
rectifier tube is non-sinusoidal. 

When the input-choke method is used, the 
available d-c output voltage will be somewhat lower 
than with the input-condenser method for a given 

a-c plate voltage. However, improved regulation, 8 14 » S * ft 

, ... i •., L t • j D-C LOAD MILLAMPERES 

together with lower peak current, will be obtained. 920-53*2 
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RCA-2A3 

POWER AMPLIFIER 
TRIODE 

The 2A3 is a three-electrode, high- 
vacuum type of power amplifier tube 
for use in the power-output stage of 
a-c operated receivers. The excep- 

j u u tionally large power-handling ability 

of the 2A3 is the result of its design features. Among these are its extremely high 
transconductance and its large effective cathode area. 




CHARACTERISTICS 

Filament Voltage (A. C. or D. 0.) 

Filament Current 

Grid-Plate Capacitance 

Grid-Filament Capacitance 

Plate-Filament Capacitance 

Bas" '. • Medium 4-Pin 



2.5 


Volts 


2.5 


Amperes 


16.5 


nnf 


7.5 


w*f 


5.5 


Ulif 




ST- 16 



As Single-Tube Class Ai Amplifier 

Filament Voltage (A. C.) 2.5 Volts 

Plate Voltage 2 JO max. Vo te 

Grid Voltage* - 4 ' v ° lte 

Plate Current 60 MQkampere* 

Plate Resistance 800 Ohms 

Amplification Factor 4.2 

Transconductance 5250 Micromhos 

Load Resistance 2500 Ohms 

Self-Bus Resistor 750 Ohms 

Undistorted Power Output 3-5 Watts 



As Push-Pull Class ABi Amplifier (Two Tubes) 

Fixed Bias Self-Bias 

Filament Voltage (A. C.) 2.5 2.5 Volts 

Plate Voltage (Maximum) 300 300 Vots 

Grid Voltage* -62 — Volts 

Self-Bias Resistor — 780 Ohms 

Zero-Signal Plate Current (Per tube). . . 40 40 Milliamperes 

Effective Load Resistance (Plate-to-plate) 3000 5000 Ohms 

Total Harmonic Distortion 2.5 5 Percent 

Power Output 15 10 watts 

* Grid volts measured from mid-point of a-c operated filament. 



INSTALLATION 

The base pins of the 2A3 fit the standard four-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position. For 
horisontal operation, the socket should be positioned with the filament-pin openings 
one vertically above the. other. Sufficient ventilation should be provided to prevent 
overheating. 
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RCA RECEIVING TUBE MANUAL 



APPLICATION 

As a power amplifier (Class Ai), the 2A3 is usable either singly or in push- 
pull combination in the power-output stage of a-c receivers. Recommended 
operating conditions are given under CHARACTERISTICS. 

The values recommended for push-pull operation are different than the 
conventional ones usually given on the basis of characteristics for a single tube. 
The values shown for Push-Pull Class ABi operation cover operation with fixed 
bias and with self-bias, and have been determined on the basis of no grid current 
™ ow during the most positive swing of the input signal and of cancellation of 
second-harmonic distortion by virtue of the push-pull circuit. The self-bias resistor 
should preferably be shunted by a suitable filter network to minimize grid-bias 
variations produced by current surges in the self-bias resistor. 

When 2A3's are operated in push-pull, it is desirable to provide means for 
adjusting independently the bias on each tube. This requirement is a result of the 
very high transconductance of these tubes — 5250 micromhos. This very high 
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small 
bias-voltage change produces a very large change in plate current. It is obvious, 
therefore, that the difference in plate current between two tubes may be sufficient 
to unbalance the system seriously. To avoid this possibility, simple methods of 
independent self-bias adjustment may be used, such as (1) input transformer with 
two independent secondary windings, or (2) filament transformer with two 
independent filament windings. With either of these methods, each tube can be 
biased separately so as to obtain circuit balance. 

colrventiona l type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. Transformers or 
impedances are recommended. When self-bias is used, the d-c resistance in the 
grid circuit should not exceed 0.5 megohm. With fixed-bias, however, the d-c 
resistance should not exceed 50000 ohms. 
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RCA-2A5 

POWER AMPLIFIER 
PENTODE 

The 2A5 is a heater-cathode type 
of power-amplifier pentode for use in 
the audio-output stage of a-c receiv- 
ers. It is capable of giving large 
power output with a relatively small 

Because of the heater-cathode construction, a uniformly low 

«•» «nnioi-.5mnllTiffT f"1 £>C1 CTT1 




Volts 
Amperes 
ST- 14 
Medium 6-Pin 



input-signal voltage, Because 01 me neaici-uiu 
hum-level is attainable in power-amplifier design. 

CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2 ^ 

Heater Current 17 ' 

Bulb 

Base , ; • 

Other characteristics oi this type ate the same as for type 

INSTALLATION 

The base pins of the 2A5 fit the standard six-contact socket which may be 
installed to hold the tube in any position. 

The bulb of this tube will become very hot under certain conditions of 
operation. Sufficient ventilation should be provided to prevent overheating. 

The heater is designed to operate at 2.5 volts. The transformer winding 
supplying the heater circuit should be designed to operate the heater at this 
recommended value for full-load operating conditions at average line voltage. 

The cathode should preferably be connected directly to a mid-tap on die 
heater winding or to a center-tapped resistor across the heater winding If this 
practice is not followed, the potential difference between heater and cathode should 
be kept as low as possible. 

APPLICATION 

Refer to APPLICATION on type 6F6. Additional curve information is 
given under type 42. 



AVERAGE CHARACTERISTICS 




"760 240 320 

PLATE AND SCREEN VOLTS 
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RCA-2A6 

DUPLEX- DIODE 
HIGH-MU TRIODE 

The 2A6 is a heater type of tube 
consisting of two diodes and a high- 
mu triode in a single bulb. It is for 
use as a combined detector, amplifier, 
and automatic-volume-control tube in 
radio receivers designed for its characteristics. For diode-detector consideration*, 
refer to page 26. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2.5 Volts 

Heater Current 0.8 Ampere 

Bulb ST- 12 

Cap Small Metal 

Base Small 6-Pin 

Other characteristics of this type are the same as for the type 75. 



INSTALLATION 

The base pins of the 2A6 fit the standard six-contact socket which may 
installed to hold the tube in any position. 

Heater operation and cathode connection are the same as for the 2A5. 



APPLICATION 

Refer to APPLICATION on the type 75. 
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RCA-2A7 




PENTAGRID CONVERTER 

The 2A7 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneously the functions of a 
mixer (first detector) tube and of 
an oscillator tube in superheterodyne 
circuits. Through the use of this type, the independent control of each function 
is made possible within a single tube. *The 2A7 is intended especially for use in 
a-c receivers having a 2.5" -volt heater supply. For general discussion of pentagrid 
types, see FREQUENCY CONVERSION, page 31. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2.5 

Heater Current 0.8 

Other characteristics of this type are the same as for type 6A7. 



Volts 
Ampere 



INSTALLATION AND APPLICATION 

The base pins of the 2A7 fit the seven-contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. For heater 
operation and cathode connection, refer to the type 2A5. Complete shielding of 
the 2A7 is generally necessary to prevent intercoupling between its circuit and the 
circuits of other stages. Refer to APPLICATION on type 6A8. 

Since the capacity between grid No. 4 and plate is in a parallel path with the capacity and 
inductance of the plate load, it is important to use a load capacity of sufficient aise to Umit the 
magnitude of the r-f voltage huilt up across the load. If this is not done, r-f voltage feed- baclc_ will 
occur between plate and grid No, 4 to produce degenerative effects, 
load condenser in the plate circuit should be not less than 50 (i(if. 



For this reason, the sue of the 



TYPICAL PENTAGRID CONVERTER CIRCUIT 

TYPES 2A7 8. 6A7 




< , L 6 * 



: "3 4? 



C = GANGED TUNING CONDENSER 

(40 TO 350 UU.f) 
C|,C2,,C 5 ,C 6 ,C 7 = 0.1 (if 
C 3 = 0.00025 U-f 
C 4 = SEE TABLE BELOW 
R| = 250000 OHMS, OTIftTT 
R 2 = 10000-50000 OHMS, 0.1 WATT 
R 3 = OSCILLATOR-ANODE (GRID NS2) 

VOLTAGE -DROPPING RESISTOR 
R 4 = 150-300 OHMS, 0.1 WATT 
R 5 = SCREEN (GRI05 NS 3&5)FILTER RESISTOR 
L = 60-MHJJHENRY R-F CHOKE 
T = 465-RC I-F TRANSFORMER 



PLATE 
SUPPLY 



COIL-DESIGN DETAILS 



FREQUENCY BANO 
MEGACYCLES 


O.IS TO 0.40 


0,55 TO 1.5 


1.5 TO 4.0 


4.0 TO 10 10 TO 25 


ASSEMBLY NS 


1 


1 


2 


2 




3 


3 




TURNS 


WIRE* 


TURNS 


WIRE* 


1-URNSl WIRE « 


TURNS 


WIRE * 


TURNS 


WIRE*|TURNS 


WIRE* 


R-F COIL (Ll) 


422 


36 SSE 


116 


30 SSE 


146 Q2ENAM 


36.2 


30ENAM 


10.1 


30CNAM 4.4 


20ENAM 


OSC. GRID COIL C L 2) 


196 


36SSE 


SO 


30 SSE 


92 B2ENAU 


30.9 


30CNAM 


9.7 


30EMAM 4.3 


20ENAM 


OSC. PLATE COIL (L 3 ) 


60 


36 SSE 


30 


30 SSE 


20 B2ENAM 


12 


30 t NAM 


12 


36ENAM 6 


36EMAM 


DSC. TRACKING C0ND.(C4J 


117 Ul>f 


400 UL>f 


107 


OliUf 


2900 Ulir 1 7300 UUf 



MULTI-LAYER COILS 




SINGLE -LATER COILS 



3L 



^B» 



,—005 

jApraw. 



CATHODE 
GRID M2 



SINGLE -LAYER COILS 



(WIDN«|-tATHODr>B« 
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RCA-2B7 



DUPLEX- DIODE PENTODE 




The 2B7 is a heater type of tube 
consisting of two diodes and a pen' 
tode in a single bulb. It is recom- 
mended for service as a combined 
detector, amplifier (radio-frequency, 
intermediate-frequency or audio-frequency), and automatic-volume-control tube in 
radio receivers. The 2B7 is intended especially for use in a-c receivers having 
2.5-volt heater supply. For diode-detector considerations, refer to page 26. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 

Heater Current 

Bulb 

Cap 

Base 

Other characteristics of this type are the same as for type 6B7. 



2.5 
0.8 



Volts 
Ampere 
ST- 12 
Small Metal 
Small 7-Pin 



Diode Unit: 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the pentode unit. Each diode plate has its own base pin. Operation curves for 
the diode units are given under type 6B7. 



INSTALLATION AND APPLICATION 

The base pins of the 2B7 fit the seven-contact (0. 75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. 

For heater operation and cathode connection, refer to type 2 AT. 

Complete shielding of detector circuits employing the 2B7 is generally necessary 
to prevent r-f or i-f coupling between the diode circuits and the circuits of other 
stages. 

Refer to APPLICATION on type 6B8. Typical duplex-diode pentode circuits 
are shown under type 6B7. 

AVERAGE PLATE CHARACTERISTICS 
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RCA-5W4 

FULL-WAVE RECTIFIER 

The 5W4 is a full-wave high- 
vacuum rectifying tube of the All- 
Metal type for use in a-c receivers of 
low current requirements. 




CHARACTERISTICS 

Filament Voltage (A. G.) *-0 Volts 

Filament Current 1-* Amperes 

ArC Plate Voltage Per Plate (RMS) 350 max. Volts 

Peak Inverse Voltage 1000 max. Volts 

D-C Output Current 110 max. Milliamperes 

Ba8E Small Wafer Octal 5-Pin 



INSTALLATION 

The base pins of the 5W4 fit the standard 
octal socket which should be installed to hold the 
tube in a vertical position with the base down. 
Provision should be made for adequate ventilation 
to prevent overheating. 

The coated filament of the 5W4 is designed £ 5 

to operate from the a-c line through a step-down ^ 

transformer. The voltage applied to the filament o 

terminals should be the rated value of 5.0 volts ^ 

under operating conditions and average line voltage. | 



APPLICATION 

As a full-wave rectifier, the 5W4 may be 
operated as shown under CHARACTERISTICS. 
The recommended maximum values of plate voltage 
and d-c output current must not be exceeded. For 
a given value of a-c input voltage, the choke-input 
type filter will give somewhat less d-c output voltage 
than that obtained with a condenser-input filter, 
bat has the advantage of reducing the peak plate 
current and improving the voltage regulation. Filter 
circuits are discussed on page 37. 



OPERATION CHARACTERISTICS 



TYPE 5W4 ' 
Ef = 5.0 VOLTS A.C. 








■ 

FIL 


1 

TER tNPU 


r co 




SER = 




f 




T" 
















> 




"JJS 
















SSI 























































































































D-C LOAD WILLI AMPERES 

92C-4584 





*-2 !fo*MAX.-*" 






J 


X 


X 

< 




< 


5 




> 


• 



RCA-5Z3 



FULL -WAVE RECTIFIER 

The 5Z3 is a high-vacuum rectifier 
of the full-wave type intended for 
supplying rectified power to radio 
equipment having very large direct- 
current requirements. 




CHARACTERISTICS 



Filament Voltage (A. C.) 5.0 Volts 

Filament Current 3.0 Amperes 

A-G Plate Voltage Per Plate (RMS) 500 max. Volts 

Peak Inverse Voltage 1400 max. Volts 

D-C Output Current 250 max. Milliamperes 

Bulb ST- 16 

Base Medium 4-Pin 



INSTALLATION 



The base pins of the 5Z3 fit the standard four-contact socket which should be 
mounted preferably to hold the tube in a vertical position with the base down. If it 
is necessary to place the tube in a horizontal position the socket should be mounted 
with the filament-pin openings either at the top or at the bottom so that the plane 
of each filament is vertical. Only a socket making very good filament contact and 
capable of carrying three amperes continuously should be used with the 5Z3. 
Provision should be made for adequate ventilation to prevent overheating. 

The coated filament of the 5Z3 is intended to 
operate from the a-c line through a step-down 
transformer. The voltage applied to the filament 
terminals should be the rated value of 5.0 volts 
under operating conditions and average line voltage. 
The high current taken by the filament makes it 
imperative that all connections in the filament circuit 
be of low resistance and of adequate current- 
carrying capacity. 



OPERATION CHARACTERISTICS 



APPLICATION 

As a full-wave rectifier, the 5Z3 may be oper- 
ated with condenser-input or choke-input filter 
under conditions not to exceed the rating given 
under CHARACTERISTICS. Filter circuits are 
discussed on page 37. 

As a half -wave rectifier, one or more 5Z3's 
may be operated with plates connected in parallel. 
For example, two 5Z3's so arranged in a full-wave 
circuit can supply twice the output current of a 
single tube. In this service, the plates of each 
5Z3 are tied together at the socket. The allowable 
voltage and load conditions per tube are the same 
as for full-wave service. 



TYPE 5Z3 
Ef = 5.0 \OLTS A.C. 
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RC A-5Z4 

FULL-WAVE RECTIFIER 

The 5Z4 is a full-wave high- 
vacuum rectifying tube of the All- 
Metal type intended for use in d-c 
power-supply devices which operate 
from the a-c supply line. 




CHARACTERISTICS 

Heater Voltage (A. G.) »-0 Volts 

Heater Current 2-0 0 m ? ert8 

A-C Plate Voltage Per Plate 400 max. Volts 

Peak Inverse Voltage 1100ro4x. Volts 

D-C Output Current ""»*• c WUhamperes 

Base Small Wafer Octal 5-Pin 



INSTALLATION AND APPLICATION 

The base pins of the 5Z4 fit the standard octal socket which should be installed 
to hold the tube in any position. Provision should be made for adequate ventilation 
to prevent overheating. 

The heater of the 5Z4 is designed to operate from the a-c line through a 
step-down transformer. The voltage applied to the heater should be the rated value 
of 5.0 volts under operating conditions and average line voltage. 

As a full-wave rectifier, the 5Z4 may be operated with condenser-input or 
choke-input filter under conditions not to exceed the ratings given under 
CHARACTERISTICS. 

As a half-wave rectifier, two 5Z4's may be operated in a full-wave circuit with 
reasonable serviceability to deliver more d-c output current than can be obtained 
from one tube. For this use, the plates of each 5Z4 are tied together at the socket. 
The allowable voltage and load conditions per tube are the same as for full-wave 
service. 



OUTPUT CHARACTERISTICS 

CCHOKE INPUT TO FILTER) 




120 100 
D-C LOAO MILLIAM PERES 

«C-«34RI 



OUTPUT CHARACTERISTICS 
(CONDENSER INPUT TO FLTER) 




80 120 
D-C LOAD WLLIAMPEHES 

92£-«43S 
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RCA-6A4 

POWER -AMPLIFIER 
PENTODE 

The 6A4 is a power-amplifier pen- 
tode of the 6.3-volt filament type for 
use in receivers employing a six-volt 
storage-battery filament supply. The 
6A4 is interchangeable with type LA. 




CHARACTERISTICS 



Filament Voltage (A. C. or 


D r. ) 






6.3 


Volts 










0.3 


Ampere 




100 


135 


165 


180 max. 


Volts 


Screen Voltage (Grid No. 2) 


100 


135 


165 


180 max. 


Volts 


Grid Voltage* (Grid No. 1) . 


-6.5 


-9 


-11 


-12 


Volts 




9 


14 


20 


22 


Milliampetes 




1.6 


2.5 


3.5 


3.9 


Milli amperes 


Plate Resistance (Approx.). 


83250 


52600 


48000 


45500 


Ohms 


Amplification Factor (App.) 


100 


100 


100 


100 






1200 


1900 


2100 


2200 


Micromhos 




11000 


9500 


8000 


8000 


Ohms 




615 


545 


470 


465 


Ohms 




0.31 


0.7 


1.2 


1.4 


Watts 












ST- 14 



Base Medium 5 'Pin 

* Grid volts measured from negative end of d-c operated filament. If the filament is a*c operated, 
the tabulated values of grid bias should each be increased by 4.0 volts and be referred to the mid-point 
of filament. 

t 9 per cent total harmonic distortion. 



INSTALLATION AND APPLICATION 

The base pins of the 6A4 fit the standard five-contact socket which should be 
mounted preferably to hold the tube in a vertical position. If it is necessary to place 
the tube in a horisontal position, the socket should be mounted with its filament-pin 
openings one vertically above the other. The coated filament of the 6A4 is primarily 
intended for operation from a six-volt storage battery. Socket terminal No. 1 should 
be connected to the positive battery terminal. 

For the power amplifier stage, the 6A4 is recommended either singly or in 
push-pull combination. Transformer or impedance input-coupling devices axe 
recommended. If, however, resistance coupling is employed, the grid resistor should 
not exceed 0.5 megohm. A family of plate characteristics for the 6A4 is shown on 
the following page. 
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RCA RECEIVING TUBE MANUAL 



AVERAGE PLATE CHARACTERISTICS 
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AVERAGE PLATE CHARACTERISTICS 



92C-5336 



TYPE IF6 

Ef = 2.0 VOLTS D.C. 

SCREEN VOLTS = 67.5 
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AVERAGE PLATE CHARACTERISTICS 







0 

'¥ 








1 — 1 
TYPE 

Ej.«e.; 


6C5 

VOLTS 


















<?/ 

V 


i 


/ * 
























0 / 
if 
/ 


































/ p 


1-. 

?/ 




























/ 
























































































2 













— 61 — 





«-i '%te ma*.-" 

RCA-6A6 

CLASS B TWIN 
AMPLIFIER 

The 6A6 is a heater-cathode type 
of tube combining in one bulb two 
high-mu triodes designed for Class B 
operation. The triode units have 
separate external terminals for all 
electrodes except the cathodes and heaters, so that circuit design is similar to that 
of Class B amplifiers utilising two tubes in the output stage. The 6A6 may also be 
used as a Class Ai amplifier (with triode units connected in parallel) to drive a 
6A6 as a Class B amplifier in the output stage. 

CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.8 Ampere 

Bulb ST ' 14 „ 

g ASE Medium 7-Pin 

Other characterutici of thia type are the same aa for type 6N7. 

INSTALLATION AND APPLICATION 

The base pins of the 6A6 fit the seven-contact (0.855-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Sufficient ventilation 
should be provided to prevent overheating. 

The heater is designed to operate at 6.3 volts. In a series-heater circuit 
employing several 6.3-volt types and one or more 6A6's, the heaters of the 6A6'« 
should be placed on the positive side. Furthermore, since most 6.3-volt types have 
0.3-ampere heaters, a bleeder circuit across these heaters is required to take care 
of the additional 6.5-ampere heater current of the 6A6's. Each 6.3-volt tube of 
the 0.3-ampere type in the series circuit should, therefore, be shunted by a bleeder 
resistance of 13 ohms. 

Refer to APPLICATION on type 6N7, and additional curve under type 53. 
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RCA-6A7 

PENTAGRID CONVERTER 

The 6A7 is a multi-electrode type 
of vacuum tube designed to perform 
simultaneously the functions of a 
mixer tube and of an oscillator tube 
in superheterodyne circuits. 



For discussion of pentagrid types, see FREQUENCY CONVERSION, page 31. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances (Approx.) : 

Grid No. 4 to Plate (With shield-can) 0.3 /t/if 

Grid No. 4 to Grid No. 2 (With shield-can) 0.15 M 

Grid No. 4 to Grid No. 1 (With shield-can) 0.15 nil 

Grid No. 1 to Grid No. 2 1-0 It/if 

Grid No. 4 to All Other Electrodes (R-F Input) ... 8.5 ppf 

Grid No. 2 to All Other Electrodes (Osc. Output) . 5.5 fi/it 

Grid No. 1 to All Other Electrodes (Osc. Input) . . 7.0 W" 

Plate to All Other Electrodes (Mixer Output) 9.0 «if 

Bulb ST' 12 

Cap Small Metal 

Base Small 7-Pin 



As Frequency Converter 

Plate Voltage 250 max. Volts 

Screen Voltage (Grids No. 3 and 5) 100 max. Volta 

Anode-Grid Voltage (Grid No. 2) 200 max. Volts 

Anode-Grid Voltage Supply (Grid No. 2)* 250 max. Volts 

Control-Grid Voltage (Grid No. 4) -3 min. Volts 

Total Cathode Current 14 max. Milliampere* 

Typical Operation 

Plate Voltage 100 250 Volts 

Screen Voltage 50 100 Volts 

Anode-Grid Voltage 100 200 Volts 

Control-Grid Voltage (Minimum) -1.5 -3 Volts 

Oscillator-Grid Resistor (Grid No. 1) 10000 50000 Ohms 

Plate Current 1.3 3.5 Milliamperes 

Screen Current 2.5 2.2 Milliamperes 

Anode-Grid Current 3.3 4.0 Milliamperes 

Oscillator-Grid Current 1.2 0.7 Milliamperes 

Total Cathode Current 8.3 10.4 Milliamperes 

Cathode Resistor 150 300 Ohms 

Plate Resistance 0.6 0.36 Megohm 

Conversion Conductance 350 520 Micromhos 

Control-Grid Voltage, Approximate 

(Conversion Conductance — 2 /unhos) . . . —20 -41 Volti 
• Voltages in excess of 200 volu require uae of 20000-ohm voltage-dropping resistor by-pMsed by 
0.1 /if condenser. 

INSTALLATION AND APPLICATION 

The base pins of the 6A7 fit the seven-contact (0. 75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. For heater ana 
cathode operation, refer to type 6A8. Complete shielding of the 6A7 is generally 
necessary to prevent intercoupung between its circuit and the circuits of other stages. 
Refer to APPLICATION of types 6A8 and 2A7. A typical circuit is shown under 
type 2A7. 
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RCA-6A8 

PENTAGRID CONVERTER 

The 6A8 is a multi-electrode vacu- 
um tube of the metal type designed 
to perform simultaneously the func- 
tions of a mixer (first detector) tube 
and of an oscillator tube in super- 
heterodyne circuits. Through the use of this type, the independent control of each 
function is made possible within a single tube. For general discussion of pentagrid 
types, refer to FREQUENCY CONVERSION, page 31. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances (Approx.):* 

Grid No. 4 to Plate 0.03 nit 

Grid No. 4 to Grid No. 2 0.1 /./if 

Grid No. 4 to Grid No. 1 0.09 /./tf 

Grid No. 1 to Grid No. 2 0.8 /t/tf 

Grid No. 4 to All Other Electrodes (R-F Input) . . . 12.5 «ii 

Grid No. 2 to All Other Electrodes (Osc. Output) . 5 «<f 

Grid No. I to All Other Electrodes (Osc. Input) . . 6.5 «if 

Plate to All Other Electrodes (Mixer Output) 12.5 A/rf 

Q^p Miniature 

Base "... . \ ... .1. ... ■ Small Wafer Octal 8-Pin 

* With shell connected to cathode. 

As Frequency Converter 

Plate Voltage 250 max. Volts 

Screen Voltage (Grids No. 3 and 5) 100 max. Volts 

Anode-Grid Voltage (Grid No. 2) 200 max. Volts 

Anode-Grid Supply Voltage (Grid No. 2)t 250 max. Volts 

Control-Grid Voltage (Grid No. 4) -3 min. Volts 

Total Cathode Current 14 max. Milliamperes 

Typical Operation 

Plate Voltage 100 250 Volts 

Screen Voltage 50 100 Volts 

Anode-Grid Voltage 100 250f Volts 

Control-Grid Voltage (Minimum) -1.5 -3 Volts 

Oscillator-Grid Resistor (Grid No. 1) 50000 50000 Ohms 

Plate Current 1.2 3.3 Milliamperes 

Screen Current 1.5 3.2 Milliamperes 

Anode-Grid Current 1.6 4.0 Milliamperes 

Oscillator-Grid Current 0.25 0.5 Mfiliampere 

Plate Resistance 0.6 0.36 Megohm 

Conversion Conductance 350 500 Micromhos 

Control-Grid Voltage, Approximate 

(Conversion Conductance = 2 /unhos) . . -20 -45 Volts 

f Anode-grid supply voltages in excess of 200 volts require the use of 20000-ohm voltage- dropping 
refutor by-passed by 0.1 fit condenser. 

INSTALLATION 

The base pins of the 6A8 fit the standard octal socket, which may be installed to 
hold the tube in any position. 

The heater of the 6A8 is designed to operate on either d-c or a-c. For 

operation on a-c with a transformer, the winding which supplies the heater circuit 
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should operate the heater at its recommended value for full-load operating conditions 
at average line voltage. For service in automobile receivers, the neater terminals of 
the 6A8 should be connected directly across a 6'volt battery. In receivers that 
employ a series-heater connection, the heater of the 6A8 may be operated in series 
with the heater of other types having a 0.3 -ampere rating. The current in the 
heater circuit should be adjusted to 0.3 ampere for the normal supply-line voltage. 

The cathode of the 6A8, when operated from a transformer, should preferably 
be connected directly to the electrical mid-point of the heater circuit. When it is 
operated in receivers employing a 6-volt storage battery for the heater supply, the 
cathode circuit is tied in either directly or through bias resistors to the negative side 
of the d-c plate supply which is furnished either by the d-c power line or the a-c 
line through a rectifier. In circuits where the cathode is not directly connected to 
the heater, the potential difference between them should be kept as low as possible. 
If the use of a large resistor is necessary between the heater and cathode of the 6A8 
in some circuit designs, it should be bypassed by a suitable filter network or 
objectionable hum may develop. 



APPLICATION 

As a frequency converter in superheterodyne circuits, the 6A8 can supply the 
local oscillator frequency and at the same time mix it with radio'input frequency to 
provide the desired intermediate frequency. For this service, design information is 
given under CHARACTERISTICS. 

For the oscillator circuit, the coils may be constructed according to conventional 
design, since the tube is not particularly critical. The supply voltage applied to the 
anodegrid No. 2 should not exceed the maximum value of 250 volts. In fact, from 
a performance standpoint, a lower value is to be preferred, because it will be 
adequate to provide for optimum translation gain. Under no condition of adjust' 
ment should the cathode current exceed a recommended maximum value of 14 
milliamperes. 

The bias voltage applied to grid No. 4 can be varied from -3 volts to cut'off 
to control the translation gain of the tube. With lower screen voltages, the cut'off 
point is less remote. The extended cut'off feature of this tube in combination with 
the similar characteristic of super'control tubes can be utilized advantageously to 
adjust receiver sensitivity. 

Refer to type 2A7 for typical circuit and coils. When the 6A8 is used in 
this circuit, its shell should be connected to ground. 



OPERATION CHARACTERISTICS 
WI TH 50000-OHM OSCILLATOR-GRID LEA K 



type 6A8 I I I I I r 

Ef = 6.3VOLTS PLATE VOLTS =250 _ 
SCREEN (GROS WJJ.MS) VOLTS = 100 
ANODE -GR© (GRID N*2)V0LT5=250-VOLT 

* SUPPLY THROUGH 20 000 -OHM — 

DROPPING REST5TOH 
I C0NTR0L-GRID(GRI0Nt4)V0LTS=-. 
1 VALUE FROM SELF-BIASING 
. RESISTOR OF 300 OHMS 
\ OSCILLATOR- GRID (GfilD N* l) - 
1 LEAK = 50000 OHMS 
OSCILLATOR -GRID 

CONDENSER = SO nnf 




Too 4oo 6oo aoo 

OSCILLATOR-GRID M1CR0AMPERES«C|) 
92C-452I 



OPERATION CHARACTERISTICS 
WITH SOOOO-OHM OSCILLATOR-GRID LEAK 



-|- 



TYPE 6A8 

E f =6.3 VOLTS PLATE VOLTS =100 
SCREEN (GRIDS Nsi 4 N£5)VOLTS = S0 
. ANODE - GRID I GRID N22l VOLTS = IOO 
CONTROL-GRID (GRID N£ 4 ) VOLTS =VALUE 
FROM SELF-BIASING RESISTOR OF 
350 OHMS 
OSCILLATOR -GRID (GRID N2 1 ) LEAK = 
' 5O000 OH Mi 

OSCILLATOR -GRID CONDENSER =50 jiJJf 




100 200 300 400 
OSCILLATOR-GRID MICROAMPERESUci> 
92C-4525 
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RC A-6B7 



DUPLEX -DIODE PENTODE 

The 6B7 is a heater type of tube 
consisting of two diodes and a pen- 
tode in a single bulb. "It is recom- 
mended for service as combined 
detector, amplifier (radio-frequency, 
intermediate- frequency or audio-frequency), and automatic-volume-control tube in 
radio receivers. For diode-detector considerations, refer to page 26. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance (With shield-can) 0.007 max. mtf 

Input Capacitance 3.? p/»f 

Output Capacitance 9.5 p/if 

Bulb ST- 12 

Cap Small Metal 

Base Small 7-Pin 



Pentode 


Unit— Ai 


CUm 


Ai Ampl 


tier 






100 


180 


250 


250 max. 


Volts 


Screen Voltage (Grid No. 2) 


100 


7? 


100 


12? max. 


Volts 


Grid Voltage! (Grid No. 1). 


— s 


—3 


—3 


—3 


Volts 




1.8 


3.4 


6.0 


9.0 


Milliamperet 




1.7 


0.9 


1.5 


2.3 


Milliampera 




0.J 


1.0 


0.8 


0.65 


Megohm 


Amplification Factor 


285 


840 


800 


730 


Micromhos 




9 TO 


840 


1000 


1125 


Grid Bias Volt. (Approx.)*. 


— 17 


—13 


— 17 


—21 


Volts 



• For cathode current cut-off. 

t The total resistance in the grid circuit of the 6B7 should be limited to 1.0 megohm. 



Diode Units 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the pentode unit. Each diode plate has its own base pin. Operation curves foi 
the diode units are given under type 6B7. 



INSTALLATION AND APPLICATION 

The base pins of the 6B7 fit the standard seven-pin (0.75-inch pin-circle diam- 
eter) socket which may be installed to hold the tube in any position. 

For heater and cathode operation, refer to type 6A8. 

Complete shielding of detector circuits employing the 6B7 is generally necessary 
to prevent r-f or i-f coupling between the diode circuits and the circuits of other 
stages. 

Refer to APPLICATION on the type 6B8. Plate characteristics of pentode 
unit are shown under type 2B7. 
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TYPICAL DUPLEX -DIODE PENTODE CIRCUITS 

USING TYPES 2B7 OR 6B7 
HALF-WAVE DETECTOR FULL-WAVE DETECTOR HALF-WAVE DETECTOR 




HALF -WAVE DETECTOR, AND 
A.VC.,FIXED-BIAS AMPLIFIER 



HALF-WAVE DETECTOR 'SEPARATE 
A V.C.Fiy ED-BIAS AMPLIFIER AF 



HALF-WAVE DETECTOR 
FIXED-BIAS H-F AMPLIFIER 




APPROXIMATE VALUES 



R 1= =0.5-I.O MEGOHM 
R,= l.0-I.5 MEGOHMS 
R,=0.l-0.2 MEGOHM 
R 1= 0.5-I0 MEGOHM 
R 5 =l.0 MEGOHM 
R„=30000- 100000 OHMS 
R,=0.l-0.2 MEGOHM 

Eb=VOLTAGE FOR SENSITIVITY CONTROL 

NOTE: Suppressor eoniwtttd 



C,= j 1 50 mil FOR 500-1500 
( 450 n/it FOR 175 KC. 
C 2 =0. 1 fif 
<V=0.l nl 

C 4 =0.5 ui OR LARGER 
<V=0.OOOI nf OR 8NALLER 
C s =0.0l-0.l /if 
07=0.0005-0.001 ui 
C,=0.l u f OR LARGER 
to eathods within bulb. 
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RCA-6B8 



DUPLEX- DIODE PENTODE 

The 6B8 is an All-Metal type of 
tube consisting of two diodes and a 
pentode in a single envelope. It is 
recommended for service as combined 
detector, amplifier (radio-frequency, 
intermediate-frequency or audio-frequency), and automatic-volume-control tube in 
radio receivers. For diode-detector considerations, refer to page 26. 




G 3 p 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance* 0.005 max. ji/tf 

Input Capacitance* 6 ppf 

Output Capacitance* 9 ppf 

Cap Miniature 

Base Small Wafer Octal 8-Pin 

* With shell connected to cathode. 

Pentode Unit — As Class Ai Amplifier 

Plate Voltage 250 max. Volts 

Screen Voltage (Grid No. 2) 125 max. Volts 

Grid Voltage (Grid No. 1)** -3 Volts 

Plate Current 10.0 Milliamperes 

Screen Current 2.3 Milliamperet 

Plate Resistance 0.6 Megohm 

Amplification Factor 800 

Transconductance 132 J Micromhoe 

Grid Bias Voltage (Approx.)f -21 Volts 

t For cathode current cut-off. 
** The value of the resistance in the grid circuit should not exceed a maximum of 1.0 megohm. 

Diode Units 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the pentode unit. Each diode plate has its own base pin. Operation curves for 
the diode units are given under type 6B7. 

INSTALLATION 

Refer to INSTALLATION on the type 6A8. 



APPLICATION 

The 6B8 is recommended for performing the simultaneous functions of auto- 
matic-volume-control, detection, and amplification. 

For detection, the diodes of this tube may be utilized in a full-wave circuit or 
in a half-wave circuit. In the latter case, one plate only or the two plates in 
parallel may be employed. The use of the half-wave arrangement will provide 
approximately twice the rectified voltage as compared with the full-wave arrangement. 

For automatic-volume-control, a rectified voltage which is dependent on the 
r-f or i-f carrier is usually employed. This voltage may be utilized to regulate the 
gain of the r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier 
input to the audio detector. Refer to discussion of automatic-volume-cofltrol methods' 
on page 28. 
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The complex structure of the 6B8 permits of obtaining automatic-volume- 
control voltage in a number of ways. In one case, the required voltage is obtained 
from the detector circuit by utilising the voltage drop caused by the rectified current 
flowing through a resistor in the detector circuit. In another case, the required 
voltage is obtained by utilising one diode for the sole purpose of automatic-volume- 
control. This latter method is of particular interest since it confines the sensitivity 
and time-delay function to the avc circuit. Time-delay action is determined by the 
use of a resistance and condenser combination having the desired time constant. 
The avc action may be postponed by applying a negative voltage to the avc diode 
plate. Another avc arrangement capable of various adaptations is to use the pentode 
as a d-c amplifier to supply the regulating voltage. 

For r-f or i-f amplification, the pentode unit of the 6B8 may be employed in 
conventional circuit arrangements. It is designed so that its cut-off is somewhat 
extended to permit of moderate gain control by grid-bias variation without intro- 
ducing cross-modulation effects. The cut-off point and the ability to handle the 
larger signals may be altered by choice of screen voltage to suit the requirements of 
the circuit. To assist in making this choice, different operating conditions for 
representative screen voltages are given under CHARACTERISTICS. 

For many types of circuits a convenient and practical method of obtaining the 
desired benefit of the extended cut-off is to supply the screen voltage from a high- 
voltage tap through a series resistor. This arrangement provides automatically an 
increase in the voltage applied to the screen as the grid-bias is made more negative, 
with the result that the maximum signal-handling ability is obtained. When this 
method is used, the voltage applied to the screen should be limited to 125 volts for 
-3 volts grid-bias and to 200 volts for more negative values of grid-bias. 

For a-f amplification, the pentode unit of the 6B8 may be used in a resistance- 
coupled circuit arrangement to provide high gain under operating conditions given 
in the Resistance-Coupled A-F Amplifier Section. 

Typical duplex-diode pentode circuits are shown under type 6B7. When the 
6B8 is used in these circuits, its shell should be connected to ground. 
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RCA-6C5 

DETECTOR AMPLIFIER 
TRIODE 

The 6C5 is a three-electrode tube 
of the metal type recommended for 
use as a detector, amplifier, or oscil- 
lator. This tube has a high trans- 
conductance together with a compar- 
atively high amplification factor. 

CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance* 1.8 *pf 

Grid-Cathode Capacitance* 4 «if 

Plate-Cathode Capacitance* 13 mi 

Base Small Wafer Octal 6-Pin 

* With shell connected to cathode. 

As Class Ai Amplifier 

Transformer' Resistance- 
Coupled Coupled 

Plate Voltage 250 max. 250* Volts 

Grid Voltage* * -8 -5 approx. Volte 

Plate Current 8 1 to 2 Milliampern 

Platp Resistance 10000 — Ohms 

Amplification Factor 20 — 

Transconductance 2000 — Micromhoi 

Voltage Output 

(* per cent second harmonic) — 42 RMS Volts 

Voltage Amplification — 14 

° This is a plate-supply voltage value. 
° 0 If a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm. 

INSTALLATION 

The base pins of the 6C5 fit the standard octal socket which may be installed 
to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

APPLICATION 

As an amplifier, the 6C5 is applicable to radio-frequency or audio-frequency 
circuits. Recommended operating conditions for service using transformer coupling 
and resistance coupling are given under CHARACTERISTICS. 

As a detector, the 6C5 may be of the grid-leak and condenser or grid-bias type. 
The plate voltage for the grid leak and condenser method should be 45 to 100 
volts. A grid leak from 0.1 to 1.0 megohm with a grid condenser of 0.00005 to 
0.00H5 jjf is satisfactory. For the grid-bias method of detection, a plate-supply 
voltage of 250 volts may be used together with a negative grid-bias voltage of 
approximately 17 volts. The plate current should be adjusted to 0.2 milliampere 
with no input signal voltage. The grid-bias voltage may be supplied from the 
voltage drop in a resistor between cathode and ground. A plate family for this 
type is given on page 61. 

Operating conditions as a resistance-coupled A-F amplifier are given in the 
Resistance-Coupled A-F Amplifier Section. 
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RCA-6C6 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 6C6 is a triple-grid tube of 
the heater-cathode type recommended 
for service as a biased detector in 
radio receivers designed for its char- 
acteristics. This tube is capable of 
delivering a large audio-frequency output voltage with relatively small input voltage. 
Significant among its electrical features are its sharp plate current "cut-off" with 
respect to grid voltage. The 6C6 is constructed with an internal shield connected 
to the cathode within the tube. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance (With shield-can) 0.007 max. niii 

Input Capacitance 5.0 n/if 

Output Capacitance 6.5 p/if 

Bulb ST- 12 

Cap Small Metal 

Base Small 6-Pin 



Other characteristics of this type are the same as for type 6J7. 



INSTALLATION AND APPLICATION 

The base pins of the 6C6 fit the standard six-contact socket which may be 
installed to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen-current characteristics of the 6C6, 
the use of a resistor in series with the high-voltage supply may be employed for 
obtaining the screen voltage provided the cathode-resistor method of bias control 
is used. This method, however, is not recommended if the high-voltage B-supply 
exceeds 250 volts. 

Complete shielding of detector circuits employing the 6C6 is generally 
necessary, since considerable voltage at carrier frequency is usually present in the 
plate circuit even though the latter is by-passed with a low impedance condenser. 
Two-section filters in the plate circuit are frequently necessary to prevent radio- 
frequency feed-back to the input of the detector. 

In receivers employing a built-in loudspeaker, acoustic shielding may be 
necessary to prevent microphonic feed-back when a strong radio-frequency carrier 
voltage is present on the tube electrodes. It should be noted also that condenser 
plates may cause an audio howl due to mechanical feed-back from the speaker. 

The application of this type is similar to that of type 6J7. 

As an audio-frequency amplifier triode, the 6C6 should have its screen and 
suppressor connected to the plate. Operating conditions for triode service in 
transformer- or impedance-coupled circuits are: Plate voltage, 250 volts; grid 
voltage, -8 volts; and plate current, 7 milUamperes, approximate. Operating 
conditions as a resistance-coupled A-F amplifier are given in the Resistance-Coupled 
A-F Amplifier Section. 

A plate family of curves is given under type 6J7. 
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RCA-6D6 

TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 6D6 is a triple-grid super- 
control amplifier tube recommended 
for service in the radio-frequency and 
intermediate- frequency stages of radio 
receivers designed for its character- 
istics. The ability of this tube to handle the usual signal voltages without 
cross-modulation and modulation-distortion makes it adaptable to the r-f and i-f 
stages of receivers employing automatic volume control. The 6D6 is constructed 
with an internal shield connected to the cathode within the tube. 





CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 




6.3 


Volts 






0.3 


Ampere 




100 


250 max. 


Volts 


Screen Voltage 


100 


100 max. 


Volts 


Grid Voltage (Minimum) 


-3 


-3 


Volts 




Connected to cathode 


at socket 




8 


8.2 


Milliamperes 


Screen Current 


2.2 


2.0 


Milliamperes 


Plate Resistance 


0.25 


0.8 


Megohm 


Amplification Factor 


375 


1280 




1500 


1600 


Micromhos 


Transconductance (At -50 volts bias) 


2 


2 


Micromhos 


Grid-Plate Capacitance (With shield-can) 




0.007 max. 


Plif 


Input Capacitance 




4.7 


«*f 


Output Capacitance 




6.5 


Hill 








ST- 12 



Cap Small Metal 

Base Small 6-Pin 



INSTALLATION AND APPLICATION 

The base pins of the 6D6 fit the standard six-contact socket which may be 
installed to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

For control-grid bias, screen voltage, and suppressor connection, refer to 
INSTALLATION on type 6K7. Shielding requirements are similar to those for 
type 6C6. 

Refer to APPLICATION on type 6K7. A plate family of curves is given 
under type 58. 
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RCA-6E5 

ELECTRON-RAY TUBE 

(Indicator Type) 

The 6E5 is a high-vacuum, heater- 
cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of a 
change in the controlling voltage. 
The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. The 6E5 is similar to the 6G5 except that the 6G1 
triode unit is designed with a remote plate-current cut-off characteristic. For 
discussion of Electron-Ray Tube considerations, refer to page 30. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Plate-Supply Voltage 250 max. Volts 

Target Voltage* 250 max. Volts 

Typical Operation 

Plate- and Target-Supply Voltage. . 100 200 250 Volts 

Series Triode-Plate Resistor 0.5 1 1 Megohm 

Target Current (Approx.) 4.5 4.5 4.5 Mffliamperei 

Triode-Plate Current (For zero 

triode-grid voltage) 0.19 0.19 0.24 Milhampere 

Triode-Grid Voltage (For shadow 

angle of 0°) (Approx.) -3.3 -6.5 -8.0 Volts 

Triode-Grid Voltage (For shadow 

angle of 90°) (Approx.) 0 0 0 Volts 

Bulb S ,T' 12 „ 

Base Smal > 6 ' Pln 

* Minimum target voltage should not be less than 90 volts. 



INSTALLATION 

The base pins of the 6E5 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For convenience, the tube is usually 
mounted horizontally so that the fluorescent screen is readily visible when the 
receiver circuit is tuned. A small hood, placed over the dome and fluorescent 
target, will help to eliminate external light reflections. 

For heater operation and cathode connection, refer to type 6A8. The bulb 
of this tubt becomes hot under certain conditions of operation. Sufficient ventilation 
skould be provided to prevent overheating. 



APPLICATION 

The visible effect is observed on the fluorescent target located in the dome of 
the bulb. The pattern on the target varies from a shaded angle of 90° with zero 
bias (off tune) to a shaded angle of approximately 0° at resonance with a strong 
carrier. Exact tuning is indicated by the narrowest shaded angle that can be 
obtained. The stronger the carrier, the narrower is the shadow. 

The diagrams on the next page show typical tuning-indicator circuits employing 
the 6E5. If the strongest carrier received produces sufficient avc voltage to exceed 
the cut-off bias value of -8 volts, the shadow area of the fluorescent target will 
overlap. To overcome this effect, resistor Rs should be connected, as shown, 
between the trfode-unit grid and cathode in order to reduce the control voltage. 
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The value of R s may easily be determined by applying a strong signal and adjusting 
Rs nntil the shadow- angle is nearly sero. If the resultant value of R3 is so low 
as to reduce the avc voltage appreciably, the d-c controlling voltage for the 6ET 
should be obtained from a tap on the diode load resistor as shown in the diagram 
at the right. 




TYPICAL ELECTRON -RAY TUBE CIRCUITS 



I-F TRANS. 



DI-ODE SECTION OF 
SECOND DETECTOR 




TO SELF-BIAS 
RESISTOR (Re) 
OR GROUND 



T-F TRANS- 



DIODE SECTION OF 
SECOND DETECTOR 




I-'VWV-i-A/WVWWA/NA/- 
TO A-F CIRCUIT 
2 I 




TO SELF- BIAS 
RESISTOR (Rc) 
OR GROUND 



„ J 1.0 MEGOHM FOR B+ = 250 VOLTS R* = R4 

R = 1 0.5 MEGOHM FOR B+ = 100 VOLTS R, + R, = 0.2 MEGOHM 

Rj = 0.05 MEGOHM {R-F FILTH) Q = 100 TO 200 «if 

R 2 = 0.2 MEGOHM C 2 = AVC FILTER CONDENSER 

Ra = DETERMINED BY TEST. SEE TEXT. C = 0.05 TO 1.0 /if 

R 4 = AVC FILTER RESISTOR C 4 = C, 
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RCA-6F5 



HISH-MU TRIODE 

The 6F5 is a high-mu triode of 
the All-Metal type. It is particularly 
suitable for use in resistance-coupled 
amplifier circuits. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.J Volts 

Heater Current 0.3 Ampere 

Plate Voltage 2*0 max. Volts 

Grid Voltage —2 Volts 

Plate Current 0.9 Milliampere 

Plate Resistance 66000 Ohms 

Amplification Factor 100 

Transconductance 1500 Micromhos 

Grid-Plate Capacitance* 2 «if 

Grid-Cathode Capacitance* 6 WJ 

Plate -Cathode Capacitance* 12 na 

Cap Miniature 

Base Small Wafer Octal 5-Pin 

• With shell connected to cathode. 

INSTALLATION AND APPLICATION 

The base pins of the 6F5 fit the standard octal socket which may be mounted 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

As an amplifier in resistance-coupled a-f circuits, the 6F5 may be operated 
under conditions given in the Resistance-Coupled A-F Amplifier Section. 

In resistance-coupled circuits, the d-c resistance in the grid circuit of the 6F5 
should not exceed 1.0 megohm. 

When a 6F5 is used to amplify the output of the 6H6 diode, it is recommended 
that fixed grid bias be employed. Diode-biasing of the 6F5 is not suitable because 
of the probability of plate-current cut-off, even with relatively small signal voltage* 
applied to the diode circuit. 

AVERAGE PLATE CHARACTERISTICS 



3 












TYPE 
Ef = 6. 
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i VOLTS 
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-+4 i^fg max. Ir- 



relatively small 



ively 

uniformly low hum-level is attainable in power-amplifier design. 



RCA-6F6 

POWER-AMPLIFIER 
PENTODE 

The 6F6 is a heater-cathode power- 
amplifier pentode of the All-Metal 
type for use in the audio-output stage 
of a-c receivers. It is capable of 
giving large power output with a 
input voltage. Because of the heater-cathode 




construction, 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.7 Ampere 

Base Small Wafer Octal 7-Pin 



As Single-Tube Class Ai Amplifier — Pentode Connection 

Plate Voltage 250 315* max. Volts 

Screen Voltage (Grid No. 2) 250 315* max. Volts 

Grid Voltage (Grid No. 1) -16.5 -22 Volts 

Plate Current 34 42 Milliamperes 

Screen Current 6.5 8 Milliamperes 

Plate Resistance (Approximate) 80000 75000 Ohms 

Amplification Factor (Approx.) 200 200 

Transconductance 2500 2650 Micromhos 

Load Resistance 7000 7000 Ohms 

Total Harmonic Distortion 7 7 Per cent 

Power Output 3 5 Watts 

As Single-Tube Class Ai Amplifier — Triode Connection 

(Screen tied to plate) 

Plate Voltage i* 250 Volts 

Grid Voltage -20 Volts 

Plate Current 31 Milliamperes 

Plate Resistance 2600 Ohms 

Amplification Factor 7 

Transconductance 2700 Micromhos 

Load Resistance 4000 Ohms 

Total Harmonic Distortion 5 Percent 

Power Output 0.85 Watt 

Under the above maximum voltage conditions, transformer or impedance input- 
coupling devices are recommended. If resistance-coupling is used, refer to last 
paragraph of APPLICATION. 

* Not recommended for automobile service or other similar services where heater voltage can rise 
more than 10% above rated value. 

t Maximum plate vo!tage=3H volts. 



As Push-Pull Class AB2 Amplifier — Pentode Connection 
Unless otherwise specified, values are for two tubes. 

Fixed Bias Self-Bias 

Plate Voltage 375 max. 375 max. Volts 

Screen Voltage 250 max. 250 max. Volts 

Grid Voltage -26 mm. — Volts 

Self-Bias Resistor — 340 min. Ohms 

Peak A-F Grid-to-Grid Voltage 82 94 Volts 
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Zero-Signal Plate Current 34 54 Milliampen* 

Zero-Signal Screen Current 5 8 Milliampere* 

Load Resistance (Per Tube) 2500 2500 Ohms 

Effective Load Resistance (Plate-to-plate) 10000 10000 Ohms 

Total Harmonic Distortion 5 5 Per cent 

Power Output (Approx.) 19* 19t Watts 

Under the above maximum voltage conditions, transformer or impedance input' 
coupling devices must be used. 

•With one triode-connected 6F6 as driver operated at plate volts of 250, grid volts of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to 
one-half secondary, is 3.32. The plate, screen and grid supply have negligible resistance. 

t With one triode-connected 6F6 as driver operated at plate volts of 250, grid volts of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to 
one-half secondary, is 2.5. The plate and screen supply have negligible resistance. The value 
given for the self-bias resistor is determined for a minimum grid bias of —21 volts. 

As Push-Pull Class AB2 Amplifier — Triode Connection 

(Screen tied to plate) 

Unless otherwise specified, values are for two tubes. 

Fixed Bias Self-Bias 

Plate Voltage 350 max. 350 max. Volts 

Grid Voltage -38 — Volts 

Self-Bias Resistor — 730 miri. Ohms 

Peak A-F Grid-to-Grid Voltage 123 132 Volts 

Zero-Signal Plate Current 45 50 Milliamperes 

Load Resistance (Per Tube) 1500 2500 Ohms 

Effective Load Resistance (Plate-to-plate) 6000 10000 Ohms 

Total Harmonic Distortion 7 7 Percent 

Power Output (Approx.) 18° 14$ Watts 

Under the above maximum voltage conditions, transformer or impedance input- 
coupling devices must be used. 

"With one triode-connected 6F6 as driver operated at plate volts of 250, grid volte of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to 
one-half secondary, is 1.67. The plate and grid supply have negligible resistance. 

t With one triode-connected 6F6 as driver operated at plate volts of 250, grid volte of -20, 
and with a minimum plate load of approximately 10000 ohms: input transformer ratio,_ primary to 
one-half secondary, is 1.29. The plate supply has negligible resistance. The value given for the 
self-bias resistor is determined for a minimum grid bias of -36.5 volts. 



INSTALLATION 

The base pins of the 6F6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

For heater operation and cathode connection, refer to type 42. 



APPLICATION 

As a Class A power-amplifier pentode, the 6F6 may be used either singly or 
in push-pull. Recommended operating conditions are given under CHARACTER- 
ISTICS. If a single 6F6 is operated at a plate voltage of 250 volts, the self-bias 
resistor should have a value of approximately 410 ohms; at 315 volts, 440 ohms. 
For two tubes in the same stage, the value of the self-bias resistor should be 
approximately one-half that for a single tube. 

As a Class A power-amplifier triode, the 6F6 may be used either singly or in 
push-pull. For this service the screen is connected to the plate. Recommended 
operating conditions are given under CHARACTERISTICS. When a single 6F6 
is operated as a Class A triode at a plate voltage of 250 volts, the self-bias resistor 
should have a value of approximately 650 ohms. For two tubes in the same stage, 
the value of the self-bias resistor should be approximately one-half that for a 
single tube. 

As a Class AB power-amplifier triode or pentode, the 6F6 should be operated 
as shown under the CHARACTERISTICS. The values shown cover operation 
with fixed-bias and with self-bias, and have been determined on the basis of tome 
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grid-current flow during the most positive swing of the input signal and of 
cancellation of second-harmonic distortion by virtue of the push-pull circuit. 

The type of input coupling used should not introduce too much resistance in 
the grid circuit. Transformer- or impedance-coupling devices are recommended. 
When the grid circuit has a resistance not higher than 0.01 megohm, fixed bias 
may be used; for higher values, self -bias is required. With self-bias, the grid circuit 
may have a resistance as high as, but not greater than, 0.5 megohm provided the 
heater voltage is not allowed to. rise more than 10% above rated value under any 
condition of operation. 



AVERAGE PLATE CHARACTERISTICS 




PLATE VOLTS 92C— 4431 



AVERAGE PLATE CHARACTERISTICS 

TRIODE CONNECTION 




600 



PLATE VOLTS 92C-4440 
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RCA-6F7 



TRIODE- PENTODE 




G3p 



The 6F7 is a heater type of tube 
combining in one bulb a triode and 
an r-f pentode of the remote cut-off 
type. Since these two units are 
independent of each other except for 
the common cathode, the 6F7 may be adapted to circuit design in several ways. 



CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Direct Interelectrode Capacitances 

Triode Unit — Grid to Plate 2.0 fi/»f 

Grid to Cathode 2.5 fi/if 

Plate to Cathode 3.0 ji/jf 

Pentode Unit — Grid to Plate (With shield-can).. 0.008 max. p/if 

Input 3.2 mil 

Output 12.? iipi 

Bulb ST- 12 

Cap Small Metal 

Base Small 7-Pin 



At Amplifier 



Triode Unit Pentode Unit 





100 max. 100 


250 max. 


Volts 


Screen Voltage (Grid No. 2) 


— 100 


100 max. 


Volts 


Grid Voltage (Grid No. 1).. 


-3 min. -3 min. —3 min. 


Volts 


Plate Current 


3.5 6.3 


6.5 


Milliamperes 




— 1.6 


1.5 


Milliamperes 




8 300 


900 


Ohms 




16000 290000 


850000 




500 1050 


1100 


Micromhos 


Transconductance 










— 9 


10 


Micromhoa 



As Frequency Converter 

Typical Operation Triode Unit Pentode Unit 

Plate Voltage (Maximum) 100° 250 

Screen Voltage — 100 

Grid Voltage t -10* 

Oscillator Peak Voltage Input — 7 

D C Grid Current 0.15 0 

D-C Plate Current 2.4ft 2.8 

Screen Current — 0-6 

Plate Resistance — 2.0 

Conversion Transconductance — 300 

• May be obtained from 2T0-voIt source through 60000-ohm dropping resistor. 

• Obtained by means of 1700-ohm (elf-biasing (cathode) resistor. 

t Obtained by 100000-ohm grid-leak resistor returned directly to cathode, 
tt Oscillator conditions should be adjusted so that plate current does not exceed 
milliamperes. 



Volts 
Volts 
Volts 
Volts 

Milliampere 

Milliamperes 

Milliampere 

Megohms 

Micromhos 



maximum of 4 
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INSTALLATION 

Refer to INSTALLATION on type 6A8. 



APPLICATION 

Being of the multi-unit type, the 6F7 is suitable for diversified applications. 
The triode unit and the pentode unit can be utilized independently of each other 
for performing any of the functions expected of single-unit types with similar 
characteristics. Circuit design for the 6F7, therefore, will follow conventional 
practice. 

As a frequency converter, the 6F7 is used by employing the triode unit as 
oscillator and the pentode unit as mixer (first detector). The circuit should be 
adjusted so that the grid-bias voltage is approximately 3 volts greater than the peak 
oscillator voltage. In operation, the plate current of the oscillator should not exceed 
4 milliamperes. 
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*1 MAX.* 



RCA-6G5 

ELECTRON-RAY TUBE 

{ Indicator Type) 



IF 




The 6G5 is a high-vacuum, heater- 
cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of 
change in the controlling voltage. 
The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. For a discussion of Electron-Ray Tube consideration!, 
refer to page 30. 

CHARACTERISTICS 

Heater Voltage (A. C. or D. C). 

Heater Current 

Plate-Supply Voltage 

Target Voltage* 

Typical Operation 

Plate- and Target-Supply Voltage. 

Series Triode-Plate Resistor 

Target Current (Approx.) 

Triode-Plate Current (For zero 



Triode-Grid Voltage (For shadow 

angle of 0°) (Approx.) 

Triode-Grid Voltage (For shadow 

angle of 90°) (Approx.) 

Bulb 

Base 

* Minimum target voltage should not be less than 90 volts. 







6.3 


Volts 






0.3 


Ampere 






250 max. 


Volts 






250 max. 


Volts 


100 


200 


250 


Volts 


0.5 


1 


1 


Megohm 


4.5 


4.5 


4.5 


Milliamperet) 


0.19 


0.19 


0.24 


Milliampere 


-8 


-18.5 


-22 


Volts 


0 


0 


0 


Volts 
ST- 12 



Small 6-Pin 



INSTALLATION AND APPLICATION 

For INSTALLATION, refer to type 6E5. The APPLICATION of the 6Gf 
is similar to that of the 6E5. Typical circuits are shown under the latter type. 
The essential difference between type 6E5 and type 6G5 is that the 6G5 has a 
remote plate-current cut-off characteristic. 



AVERAGE CONTROL CHARACTERISTICS 




GRID VOLTS 
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RCA-6H6 



TWIN DIODE 



The 6H6 is a heater-cathode type 
of All-Metal tube combining two 
diodes in one shell. Each diode has 
its own separate cathode and cor- 
responding base pin. This arrange- 
ment offers flexibility in the design of circuits employing the 6H6 
for low-voltage low-current rectification, or for automatic volume 
diode-detector considerations, refer to page 26. 





for detection, 
control. For 



CHARACTERISTICS 



Heater Voltage (A. G. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Plate No. 1 to Plate No. 2 Capacitance* 0.02 max. <i|if 

A-C Plate Voltage Per Plate (RMS) 100 max. Volts 

D-C Output Current 4 max. Milliamperes, 

Base Small Wafer Octal 7-Pin 

* With shell connected to cathode. 



INSTALLATION 

The base pins of the 6H6 fit the standard octal socket which may be installed 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 



AVERAGE CHARACTERISTICS 

HALF-WAVE RECTIFICATION— SINGLE DIODE 



APPLICATION 

For detection, the diodes may be utilized in a full-wave circuit or in a half-wave 
circuit. In the latter case, one plate only, or the two plates in parallel, may be 
employed. The use of the half-wave arrangement will provide approximately twice 
the rectified voltage as compared with the full-wave arrangement. 

For automatic-volume control, the 6H6 may 

be used in circuits similar to those employed for 
any of the duplex-diode types of tubes. The 
only difference is that the 6H6 is more adaptable 
due to the fact that each diode has its own 
separate cathode. 

Since the diodes by themselves do not pro- 
vide any amplification, it is usually necessary to 
provide gain by means of a supplementary tube. 
Types such as the 6C5, 6F5, 6J7, and 6K7 are 
very suitable for this purpose. Their use in 
combination with the 6H6 is similar to that of 
the amplifier sections of duplex-diode triode or 
pentode types, such as the 6R7, 6Q7 and 6B8. 
The amplifier sections of these types have some- 
what the same characteristics as the 6C5, 6F5 
and 6J7, respectively. 
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RCA-6J7 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 6J7 is a triple-grid type of 
All'Metal tube recommended espe- 
cially for service as a biased detector 
in radio receivers designed for its 
characteristics. In such service, this 
tube is capable of delivering a large audio-frequency output voltage with relatively 
small input voltage. Other applications of the 6J7 include its use as a high-gain 
amplifier tube. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.5 Volts 

Heater Current 0.3 Ampere 

Plate Voltage 100 250 max. Volts 

Screen Voltage 100 100** Volts 

Grid Voltage* -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 2 2 Milliamperes 

Screen Current 0.5 0.5 Milliampere 

Plate Resistance 1.0 Greater than 1.5 Megohm 

Amplification Factor 1185 Greater than 1500 

Transconductance 1185 1225 Micromhos 

Grid Voltage (Approximate)t -7 -7 Volts 

Grid-Plate Capacitance" 0.005 max. ppf 

Input Capacitance" 7 /t/if 

Output Capacitance" 12 ppA 

Cap Miniature 

Base Small Wafer Octal 7-Pin 

• The d-c resistance in the grid circuit should not exceed 1.0 megohm. 
** Maximum Screen Volts = 125. t For cathode current cut-off. ° With shell connected to cathode. 



INSTALLATION 

The base pins of the 6J7 fit the standard octal socket which may be installed 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen-current characteristics of the 6J7, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage, provided the cathodcresistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 250 volt*. 



APPLICATION 

As a biased detector, the 6J7 can deliver a large audio-frequency output voltage 
of good quality with a fairly small radio-frequency signal input. Typical 
recommended conditions for the 6J7 as a biased detector are as follows: 

Plate Supply* 100 100 250 250 Volts 

Screen Voltage 12 30 50 100 Volts 

Grid Voltage -1.16 -1.83 -2 -4.3 Volts 

Cathode Resistor 18000 10000 3000 10000 Ohms 

Suppressor Connected to cathode at socket 

Cathode Cur. (Zero Signal) . 0.63 0.183 0.65 0.43 Milliampere 
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Plate Resistor 1.0 0.25 0.25 0.50 Megohm 

Blocking Condenser 0.01 0.01 0.03 0.03 pf 

Grid Resistorf 1.0 0.5 0.25 0.25 Megohm 

R-F Signal (RMS)** 1.05 1.6 1.18 1.37 Volts 

• Voltage at place will be PLATE-SUPPLY voltage kaa voltage drop in plate resistor caused by 
plate current. 

t For the following amplifier tube. 
With these signal voltages modulated 20%, the voltage output under each set of operating 
conditions is 17 peak volts ac the grid of the following amplifier, a value sufficient to insure full audio 
output from a type 6F6 at 270 volts on plate. 

Detector bias may be obtained from a bleeder circuit, from a resistor in the 
cathode circuit, or from a partial self-biasing circuit. The cathode-resistor method 
permits of higher output at low percentage modulation, since the input signal may 
be increased almost in inverse proportion to the modulation without resulting in 
objectionable distortion. 

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 6J7 
may be operated as shown in the tables given in the Resistance-Coupled A-F 
Amplifier Section. 

As a radio-frequency amplifier pentode, the 6J7 may be used particularly in 
applications where the r-f signal applied to the grid is relatively low, that is, of 
the order of a few volts. In such cases either screen or control-grid voltage (or 
both) may be varied to control the receiver volume. When larger signals are 
involved, a super-control amplifier tube should be employed to prevent the 
occurrence of excessive cross-modulation and modulation-distortion. Recommended 
operating conditions for amplifier services are given under CHARACTERISTICS. 
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RCA-6K7 

TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 6K7 is a triple-grid super-con' 
trol amplifier tube of the All-Metal 
type recommended for service in 
the radio-frequency and intermediate- 
frequency stages of radio receivers 
designed for its characteristics. The ability of this tube to handle unusual signal 
voltages without cross-modulation and modulation-distortion makes it adaptable to 
the r-f and i-f stages of receivers employing automatic volume control. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Plate Voltage 90 180 250 250 max. Volts 

Screen Voltage 90 75 100 125 max. Volts 

Grid Voltage (Minimum) -3 -3 -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current 5.4 4.0 7.0 10.5 Milliamperes 

Screen Current 1.3 1.0 1.7 2.6 Milliamperes 

Plate Resistance 0.315 1.0 0.8 0.6 Megohm 

Amplification Factor 400 1100 1160 990 

Transconductance 1275 1100 1450 1650 Micromhos 

Grid Voltage* -38.5 -32.5 -42.5 -52.5 Volts 

Grit^-Plate Capacitance" 0.005 max. /t/if 

Input Capacitance" 7 ft/if 

Output Capacitance" 12 p/if 

Cap Miniature 

Base Small Wafer Octal 7-Pin 

* For transconductance = 2 micromhos. 

° With shell connected to cathode. 



INSTALLATION 

The base pins of the 6K7 fit the standard octal socket which may be installed 
to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

Control-grid bias variation will be found effective in changing the volume of 
the receiver. In order to obtain adequate volume control, an available grid-bias 
voltage of approximately 50 volts will be required. The exact value will depend 
upon the circuit design and operating conditions. This voltage may be obtained, 
depending on the receiver requirements, from a potentiometer across a fixed supply 
voltage or by the use of a variable self-bias resistor in the cathode circuit. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen current characteristics of the 6K7, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage provided the cathode-resistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 250 
volts. Furthermore, it should be noted that the use of a resistor in the screen 
circuit will have an effect on the change in plate resistance with variation in 
suppressor voltage in case the suppressor is utilised for control purposes. 
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The suppressor may be connected directly to the cathode or it may be made 
negative with respect to the cathode. For the latter condition, the suppressor 
voltage may be obtained from a potentiometer or bleeder circuit for manual volume 
and selectivity-control, or from the drop in a resistor in the plate circuit of the 
automatic volume-control tube. 



APPLICATION 

As a radio-frequency amplifier, the 6K7 is especially applicable to radio 
receiver design because of its ability to reduce cross-modulation effects, its remote 
"cut-off" feature, and its flexible adaptability to circuit combinations and to receiver 
design. Recommended conditions for the 6K7 as an amplifier are given under 
CHARACTERISTICS. 

To realize the maximum benefit of the long "cut-off" feature of this tube, it is 
necessary to apply a variable grid bias and to maintain the screen at a constant 
potential with respect to the cathode. Good results, however, may be obtained by 
using a variable cathode resistance. Such a resistance, of course, reduces the screen 
potential by the amount that the bias is increased and thus hastens the "cut-off." 
Therefore, the ability of the tube to handle large signals is somewhat impaired. 
This effect may be nullified by means of a series resistor in the screen circuit. 

The use of series resistors for obtaining satisfactory control of screen voltage 
in the case of four-electrode tubes is usually impossible because of secondary 
emission phenomena. In the 6K7, however, the suppressor practically removes these 
effects and it is therefore possible to obtain satisfactorily the screen voltage from 
the plate supply or from some high intermediate voltage providing these sources 
do not exceed 2T0 volts. With this method, the screen-to-cathode voltage will fall 
off very little from minimum to maximum value of cathode-control resistor. In 
some cases, it may actually rise. This rise of screen-to-cathode voltage above the 
normal maximum value is allowable because the screen and the plate current are 
reduced simultaneously by a sufficient amount to prevent damage to the tube. It 
should be recognised in general that the series-resistor method of obtaining screen 
voltage from a higher voltage supply necessitates the use of the variable cathode- 
resistor method of controlling volume in order to prevent too high a voltage on the 
screen. When screen and control-grid voltage are obtained in this manner, the 
remote "cut-off" advantage of the 6K7 may be' fully realized. 

As a mixer in superheterodyne circuits, the 6K7 may be used although a 
pentagrid mixer or pentagrid converter type is generally preferable. The 6K7 as a 
mixer is capable of producing, under the proper conditions of grid and local 
oscillator voltage, a gain of about one-third that which can be obtained in an 
intermediate-frequency amplifier stage. This gain can be controlled by varying the 
grid bias either from a separate supply or from a variable resistor in the cathode 
circuit. This is a desirable feature in receivers employing automatic volume-control, 
because it enables a much lower threshold input to be received without loss of 
amplification and permits the reception of high input voltages without loss of control. 
Recommended conditions for the 6K7 as a superheterodyne mixer follow: Plate 
voltage, 2?0 volts; screen voltage, 100 volts; suppressor connected to cathode at 
socket; and grid-bias voltage, -10 volts approximate (with 7-volt oscillator peak 
swing). 

A plate family of curves is given under type 78. 
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RCA-6L6 



G2 Gl 




BEAM POWER AMPLIFIER 

The 6L6 is a power-amplifier tube 
of the All-Metal type for use in the 
output stage of radio receivers, espe- 
. . , daily those designed to have ample 

r H %MAx.-H reserve of power-delivering ability. 

The 6L6 provides high power output sensitivity and high efficiency. The power 
output at all levels has low third and negligible higher-order harmonic distortion. 
When operated at maximum ratings, this tube will give over 11 watts output, in 
single-ended operation and as much as 60 watts in push-pull. When the push-pull 
connection is used with a 6600-ohm load, the 6L6 will give 34 watts of audio 
power without the need of grid-driving power. For discussion of beam power 
amplifier considerations, refer to page 10. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. Q.) 6.3 Volts 

Heater Current 0.9 Ampere 

Average Characteristics 

Plate Voltage 250 Volte 

Screen Voltage 250 Vo ts 

Grid Voltage -14 Volts 

Plate Current 72 MiUiamperes 

Screen Current 1 Mlhamperes 

Plate Resistance 22500 Ohms 

Amplification Factor 135 

Transconductance 6000 Micromhos 

Base Small Wafer Octal 7-Pin 

As Single-Tube Class Ai Amplifier— With Self-bias 

Plate Voltage 375 max. Volts 

Screen Voltage 250 max. Volts 

Screen Dissipation 3.5 max - „ T * tts 

Plate and Screen Dissipation 24 max. Watts 

Typical Operation 

Plate Voltage 375 250 300 Volts 

Screen Voltage 125 250 200 Volts 

Self-Bias Resistor 365 170 220 Ohms 

Peak A-F Grid Voltage 8.5 14 12.5 Volts 

Zero-Signal Plate Current 24 75 51 Mffliamperes 

Max.-Signal Plate Current 24.3 78 54.5 Mffliamperes 

Zero-Signal Screen Current 0.7 5.4 3 Mffliamperes 

Max.-Signal Screen Current 1.8 7.2 4.6 Mffliamperes 

Load Resistance 14000 2500 4500 Ohms 

Total Harmonic Distortion 9 10 11 Percent 

Second Harmonic Distortion 8 9.7 10.7 Percent 

Third Harmonic Distortion 4 2.5 2.5 Percent 

Max.-Signal Power Output 4 6.5 6.5 Watts 

At Single-Tube Class Ai Amplifier — Fixed Bias 

Plate Voltage 375 max. Volte 

Screen Voltage 250 max. Volte 

Screen Dissipation 3.5 max. Watts 

Plate and Screen Dissipation (Total) 24 max. Volts 
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Typical Operation 



D-C Grid Voltage 

Peak A-F Grid Voltage 

Zero-Signal Plate Current. . . 
Max.-Signal Plate Current. . . 
Zero-Signal Screen Current . . 
Max.-Signal Screen Current. . 

Load Resistance 

Total Harmonic Distortion. . 
Second Harmonic Distortion. 
Third Harmonic Distortion. . 
Max.-Signal Power Output. . 



As Push-Pull Class Ai Amplifier 

Plate Voltage 

Screen Voltage 

Screen Dissipation 

Plate and Screen Dissipation (Total) 

Typical Operation Values are for two tubes. 





Z7 V/ 




XII 

3 It 


Volts 


125 


250 


200 


250 


Volts 


— > 


1 A 


—1 Z. J 


— i i,i 


Volts 


Q 
O 


1 A 


1 *> * 
1 Z. I 


17 ? 


Volts 


1A 
zn 


•70 


AH 
no 


11 

1 1 


X^i'lltannnprpA 


Zu 


*70 
ly 


7 1 


o / 




0.7 


5 
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2.5 


Milliamperes 


1 


7.3 


4.7 


6 


Milliamperes 


14000 


2500 


4500 


4000 


Ohms 


9 


10 


11 


14.5 


Per cent 


8 


9.7 


10.7 


11.5 


Per cent 


4 


2.5 


2.5 


4.2 


Per cent 


4.2 


6.5 


6.5 


11.5 


Watts 



375 max. 
250 max. 

3.5 max. 

24 max. 



Plate Voltage 

Screen Voltage 

D-C Grid Voltage 

Self-Bias Resistor 

Peak A-F Grid-to-Grid Voltage. 

Zero-Signal Plate Current 

Max.-Signal Plate Current 

Zero-Signal Screen Current. . . . 
Max.-Signal Screen Current 
Load Resistance ( Plate-to-plate ) 

Total Harmonic Distortion 

Third Harmonic Distortion 

Max.-Signal Power Output 



Fixed Bias Self -Bias 



Volts 
Volts 
Watts 
Watts 



250 


250 


Volts 


250 


250 


Volts 


-16 




Volts 




125 


Ohms 


32 


35.6 


Volts 


120 


120 


Milliamperes 


140 


130 


Milliamperes 


10 


10 


Milliamperes 


16 


15 


Milliamperes 


5000 


5000 


Ohms 


2 


2 


Per cent 


2 


2 


Per cent 


14.5 


13.8 


Watts 



As Push-Pull Class ABi Amplifier 



Plate Voltage 

Screen Voltage 

Screen Dissipation 

Plate and Screen Dissipation (Total) 

Typical Operation Values are for two tubes. 



Plate Voltage 

Screen Voltage 

D-C Grid Voltage 

Self-Bias Resistor 

Peak A-F Grid-to-Grid Volt. 
Zero-Signal Plate Current. . 
Max.-Signal Plate Current. . 
Zero-Signal Screen Current . 
Max.-Signal Screen Current. 
Load Resist. (Plate-to-plate) . 
Total Harmonic Distortion. . 
Third Harmonic Distortion . . 
Max.-Signal Power Output. . 



400 max. 
300 max. 

3.5 max. 

24 max. 



Plate Voltage 



As Push-Pull Class AB 2 Amplifier— Fixed Bias 

400 max. 



Volts 
Volts 
Watts 
Watts 



Self-Bias 


Fixed Bias 




400 


400 


400 


400 


Volts 


250 


300 


250 


300 


Volts 






-20 


-2? 


Volts 


190 


200 






Ohms 


43.8 


57 


40 


50 


Volts 


96 


112 


88 


102 


Milliamperes 


110 


128 


124 


152 


Milliamperes 


4.6 


7 


4 


6 


Milliamperes 


10.8 


16 


12 


17 


Milliamperes 


8500 


6600 


8500 


6600 


Ohms 


2 


2 


2 


2 


Per cent 


2 


2 


2 


2 


Per cent 


24 


32 


26.5 


34 


Watts 



Volts 



— 88 — 



RCA RECEIVING TUBE MANUAL 





300 max. 


Volts 




3.5 max. 


watts 




24 max. 


^^atts 


400 


400 


V OltS 


250 


t AA 

3UU 


V OILS 


-20 


—25 


V OltS 


57 


80 


voits 






N^illiarD p c r e& 


168 


230 


Milliamperes 


4 


6 


Milliamperef> 


13 


20 


Milliampere* 


6000 


3800 


Ohms 


0.18 


0.35 


Watt 


40 


60 


Watts 



Screen Voltage 

Screen Dissipation 

Plate and Screen Dissipation (Total) 

Typical Operation Values are for two tubes. 

Plate Voltage 

Screen Voltage 

D-C Grid Voltage 

Peak A-F Grid-to-Grid Voltage 

Zero-Signal Plate Current 

Max.-Signal Plate Current 

Zero-Signal Screen Current 

Max.'Signal Screen Current 

Load Resistance (Plate-to-plate) 

Peak Grid-Input Powerf 

Max.-Signal Power Output* 

* With zero- impedance driver and perfect regulation, plate-circuit distortion does not exceed 2%. 
In practice, plate-voltage regulation, screen-voltage regulation, and grid-bias regulation, should not 
be greater than 5%, 5%, and 3%, respectively. 

t Driver stage should be capable of supplying the grids of the Class AB stage with the specified 
peak values at low distortion. The effective resistance per grid circuit of the Class AB stage should be 
fcept below 500 ohms and the effective impedance at the highest desired response frequency should 
not exceed 700 ohms. 

INSTALLATION 

The base pins of the 6L6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The heater is designed to operate at 6.3 volts. The transformer supplying 
this voltage should be designed to operate the heater at this recommended value 
for full-load operating conditions at average line voltage. Under the maximum 
screen and plate dissipation conditions, the heater voltage should never fluctuate 
so that it exceeds 7.0 volts. For cathode connection, refer to type 6A8. 

In all services precautions should be taken to insure that the dissipation rating 
is not exceeded with expected line-voltage variations, especially in the cases of 
fixed-bias operation. When the push-pull connection is used, fixed-bias values up 
to 10% of each typical screen voltage can be used without increasing distortion. 

APPLICATION 

As a Class Ai power amplifier, the 6L6 should be operated as shown under 
CHARACTERISTICS. The values cover self- and fixed-bias operation and have 
been determined on the basis that ho grid current flows during any part of the 
input signal swing. The second harmonics can easily be eliminated by the use of 
push-pull circuits. In single-tube, resistance-coupled circuits, the second-harmonics 
can be minimized by generating out-of-phase second harmonics in the pre-amplifier. 

As a push-pull Class ABi power amplifier, the 6L6 may be operated as shown 
under CHARACTERISTICS. The values shown cover self- and fixed-bias operation 
and have been determined on the basis that no grid current flows during any part 
of the input signal swing. 

The type of input coupling used in Class Ai and Class ABi service should 
not introduce too much resistance in the grid-circuit. Transformer- or impedance- 
coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.1 megohm fixed-bias may be used; for higher values, self-bias is 
required. With self -bias, the grid circuit may have a resistance as high as, but 
not greater than, 0.5 megohm provided the heater voltage is not allowed to rise 
more than 10% above the rated value under any condition of operation. 

As a push-pull Class AB2 power amplifier, the 6L6 may be operated as shown 
under CHARACTERISTICS. The values cover operation with fixed-bias and have 
been determined on the basis that some grid current flows during the most positive 
awing of the input signal. 

Refer to Circuit Section for circuits employing the 6L6, and to page 21 for 
discussion of inverse-feedback arrangements. A family of plate characteristics 
curves is given on page 96. 
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RCA-6L7 

PENTAGRID MIXER 
AMPLIFIER 



-»| I 5fj MAX. f— 




The 6L7 is a multi-electrode vacu- 
um tube of the All - Metal type 
designed with two separate control 
grids shielded from each other. This 
design permits each control grid to 
act independently on the electron stream. This tube, therefore, is especially useful 
as a mixer in superheterodyne circuits having a separate oscillator stage, as well as 
in other applications where dual control is desirable in a single stage. The design 
of the tube is such that coupling effects between oscillator and signal circuits are 
made very small. This feature enables the 6L7 to give high gain in high-frequency 
circuits. For general discussion of pentagrid types, see Frequency Conversion on 
page 31. 



CHARACTERISTICS 



6.3 
0.3 



Heater Voltage (A. C. or D. C.) 

Heater Current 

Direct Interelectrode Capacitances:* 

Grid No. 1 to Grid No. 3 0.12 

Grid No. 1 to Plate 0.0005 max. 

Grid No. 3 to Plate 0.025 

Grid No. 1 to All Other Electrodes 8.5 

Grid No. 3 to All Other Electrodes 11.5 

Plate to All Other Electrodes 12-5 

Q^p 

Base ....... .. \ ............... .. Small Wafer Octal 7-Pin 



Volts 
Ampere 

p/if 
Pfif 

W*f 
ppi 
li/if 

Miniature 



As Mixer 



Plate Voltage 

Screen (Grids No. 2 and No. 4) Voltage. 
Typical Operation: 

Plate Voltage 

Screen Voltage 

Signal-Grid (Grid No. 1) Voltage 

Oscillator-Grid (Grid No. 3) Voltage**... 

Peak Oscillator Voltage 

Applied to Grid No. 3 (Minimum) 

Plate Current 

Screen Current 

Plate Resistance 

Conversion Conductance 

Signal-Grid (Grid No. 1) Voltage 

for Conver. Cond. of 5 Micromhos 

*• The d-c retistance in o«cillator-grid-No. 3 circuit 
t Recommended values for all-wave receiver*. • 



250 max. 


Volte 




Volts 


250 250f 


Volts 


100 150f 


Volts 


-3 min. -6 min.f 


Volts 


-10 -15 


Volts 


12 18 


Volts 


2.4 3.3 


Milliamperes 


7.2 9.2 


Milliamperes 


Greater than 1 


Megohm 


350 350 


Micromhos 


-30 -45 


Volte 



•hould be limited to $0000 ohmi. 
With ihell connected to cathode. 



As Amplifier 

Plate Voltage 250 max. Volte 

Screen (Grids No. 2 and No. 4) Voltage 100 max. Volte 

Control-Grid (Grid No. 1) Voltage -3 min. Volts 

Control-Grid (Grid No. 3) Voltage -3 Volts 

Plate Current Milliamperes 

Screen Current 6-5 Milliamperw 

Amplification Factor 880 
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Plate Resistance . 
Transconductance 



0.8 
1100 



Megohm 
Micromhos 

Micromhos 



Transconductance \ ~" v °i te on S ri -^ 2°- \ \ 
I -15 volts bias on Grid No. J J 

INSTALLATION 

The base pins of the 6L7 fit the standard octal socket which may be installed 
to hold the tube in any position. For heater operation and cathode connection, 
refer to INSTALLATION for type 6A8. 

APPLICATION 

As a mixer in superheterodyne circuits, the 6L7 can mix the input from an 
external oscillator with the radio'input frequency to provide the desired intermediate 
frequency. For this service, design information is given under CHARACTER- 
ISTICS. 

As a radio-frequency or intermediate-frequency amplifier, the 6L7 should be 
operated as shown under CHARACTERISTICS. In this application, the 6L7 has 
the advantage that avc bias can be applied to both the No. 1 grid and the No. 3 grid. 
With avc bias applied to the two grids, a small change in avc voltage produces 
a large change in the gain provided by the tube. For this reason the 6L7 as an 
r-f or i'f amplifier provides a flatter avc characteristic than a conventional pentode, 

OPERATION CHARACTERISTICS 




AVERAGE CHARACTERISTICS FOR TYPE- 6L7 




-20 - 0 
GRID Nil VOLTS 



■IS 



CURVE I 
GRID N£3 VOLTS 
SCREEN VOLTS =150 
OSC.VOLTS = l8 PEAK 

CURVE 2 
GRID Ns3 VOLTS«-tO 
SCREEN VOLTS = 100 
OSC. VOLTS =12 PEAK 



GRID N*S VOLTS 
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RCA-6N7 



PT2 



CLASS B TWIN TRIODE 

The 6N7 is an All-Metal tube 
containing in one envelope two high' 
mu triodes designed for Class B 
operation. The triode units have 
separate external terminals for all 
electrodes except the cathodes and heaters. The 6N7 may also be used as a Class 
Ai amplifier (with triode units connected in parallel) to drive a single 6N7 as a 
Class B amplier in the output stage. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.8 Ampere 

Base Small Wafer Octal 8-Pin 



As Class B Power Amplifier 

Plate Voltage 300 max. Volts 

Peak Plate Current (Per Plate) 125 max. Milliampero 

Average Plate Dissipation 10 max. Watts 

Typical Operation 

Plate Voltage 250 300 Volts 

Grid Voltage 0 0 Volts 

Zero-Signal Plate Current (Per Plate) 14 17.5 Milliamperes 

Effective Load Resistance (Plate-to-plate) . 8000 10000 Ohms 

Power Output (Approximate)* 8 10 Watts 



As Driver — Class Ai Amplifier 
(Both grids connected together at socket: likewise both plates.) 

Plate VoLTAGEf 250 294 Volts 

Grid Voltage -5 -6 Volts 

Amplification Factor 35 35 

Plate Resistance 11300 11000 Ohms 

Transconductance 3100 3200 Micromhos 

Plate Current 6 7 Milliampera 

• With average input of 3 TO milliwatts applied between grids, 
t Maximum plate voltage = 300 volts. 



INSTALLATION 

Refer to INSTALLATION on the type <5A6. 



APPLICATION 

As a Class B power amplifier, the 6N7 is used in circuits similar in design to 
those utilizing individual tubes in the output stage. It requires no grid-bias, since 
the high-mu feature of the triode units reduces the steady plate current at sero bias 
to a relatively low value. Refer to page 20 for general Class B amplifier design 
considerations. 

Two 6N7's can be operated in a Class B output stage with the two triode units 
of each 6N7 connected in parallel to give a power output of 20 watts, approximate, 
under conditions of 300 volts on the plates and of a 5000-ohm plate-to-plate load. 



RCA RECEIVING TUBE MANUAL 



As a Class Ai amplifier triode, the 6N7 may be employed in the driver stage of 
Class B amplifier circuits, and thus reduce the number of tube types necessary in a 
receiver. When operated in this way with a plate supply of 300 volts and corre' 
sponding grid'bias, the 6N7 is capable of supplying a power output upwards of 400 
milliwatts. The load into which the driver works will depend largely on the design 
factors of the Class B amplifier. In general, however, the load will be between 
20000 and 40000 ohms. The d-c resistance in the grid circuit of the 6N7, when 
operated as a Class A amplifier, may be as high as 0.? megohm with self bias. 
With fixed bias, however, the resistance should not exceed 0.1 megohm. Typical 
operating values as a resistance-coupled amplifier are given in the Resistance-Coupled 
Amplifier Section. 

Among other and less conventional applications of the 6N7 are its use as (1) 
biased detector and one-stage a-f amplifier, (2) two-stage a-f amplifier, (J) amplifier 
and phase-inverter to supply resistance-coupled, push-pull output tubes, (4) two-tube 
oscillator, and (?) oscillator and amplifier. 

Additional curves are given under types 6A6 and 53. 
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RCA-6Q7 

HISH-MU TRIODE 
DUPLEX-DIODE 

The 6Q7 is an All-Metal tube 
consisting of two diodes and a bigh- 
mu triode in one envelope. It is for 
use as a combined detector, amplifier, 
and automatic-volume-control tube in 
radio receivers designed for its characteristics. For diode-detector considerations, 
refer to page 26. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance* 1.5 «« 

Grid-Cathode Capacitance* 1.1 «« 

Plate-Cathode Capacitance* 1 ««f 

Qap Miniature 

Base Small Wafer Octal 7-Pin 



Triode Unit — As Class A Amplifier 

Plate Voltage 100 250 max. Volts 

Grid Voltage -1.5 -3 Volts 

Amplification Factor 70 70 

Plate Resistance 87500 58000 Ohms 

Transconductance 800 1200 Micromhos 

Plate Current 0.35 1.1 Milliamperes 

* With •hell connected to cathode. 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is 
common to the triode unit. Each diode plate has its own base pin. Operation 
curves for the diode units are given under type 6B7. 



INSTALLATION AND APPLICATION 

The base pins of the 6Q7 fit the standard octal socket which may be installed 
to hold the tube in any position. Heater and cathode considerations are the same 
as for the 6A8. 

The 6Q7 is, in many respects, similar to the 75 except that it has a lower 
amplification factor which permits of handling somewhat larger input driving voltage 
without overloading. The triode unit is recommended for use only in resistance- 
coupled circuits. Typical recommended operating conditions are given in the 
Resistance-Coupled Amplifier Section. 

Grid bias for the triode unit of the 6Q7 may be obtained from a fixed source, 
such as a fixed-voltage tap on the d-c power supply or from a cathode-bias resistor. 
It should not be obtained by the diode-biasing method because of the probability 
of plate-current cut-off, even with relatively 6mall signal voltages applied to the 
diode circuit. 

A family of plate characteristic curves is given on the preceding page. 
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RCA-6R7 



DUPLEX-DIODE TRIODE 

The 6R7 is an All-Metal tube 
consisting of two diodes and a triode 
in a single envelope. It is for use 
as a combined detector, amplifier, 
and automatic-volume-control tube in 
radio receivers designed for its characteristics. For diode-detector consideration! 
refer to page 26. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. G.) 6.3 Volts 

Heater Current 0.3 Ampere 

Grid-Plate Capacitance 2.5 /i/if 

Grid-Cathode Capacitance 5.5 /i/if 

Plate-Cathode Capacitance +.0 /t/if 

Cap Miniature 

Base Small Wafer Octal 7-Pin 



Triode Unit — As Class A Amplifier 

Plate Voltage 250 max. Volts 

Grid Voltage -9 Volts 

Amplification Factor 16 

Plate Resistance 8500 Ohms 

Transconductance 1900 Micromhos 

Plate Current 9.5 Milliamperei 

Load Resistance 10000 Ohms 

Undistorted Power Output 280 Milliwatts 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which it 
common to the triode unit. Each diode plate has it» own base pin. Operation 
curves for the dj°de units are given under type 6B7. 



INSTALLATION AND APPLICATION 

The base pins of the 6R7 fit the standard octal socket which may be installed 
to hold the tube in any position. Heater and cathode considerations are the same 
as those for type 6A8. 

As a transformer-coupled amplifier, the triode unit of the 6R7 may be 
employed in conventional circuit arrangements. Operating conditions are shown 
under CHARACTERISTICS. 

As a resistance-coupled amplifier, the triode unit may be used under conditions 
given in the Resistance-Coupled Amplifier Section. 

Grid bias for the triode unit of the 6R7 may be obtained from a fixed source, 
such as a fixed-voltage tap on the d-c power supply or from a cathode-bias resistor. 
It should not be obtained by the diode-biasing method because of the probability 
of plate-current cut-off, even with relatively small signal voltages applied to the 
diode circuit. 

A family of plate characteristic curves is given on page 98. 
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RCA-6X5 



FULL-WAVE RECTIFIER 

The 6X5 is a full-wave, high- 
vacuum rectifier of the All-Metal 
type. It is intended for use in 
automobile-radio receivers or in a-c 
operated receivers designed for its 
characteristics. 

CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 

Heated. Current 

A'C Plate Voltage Per Plate (RMS). 

Peak Inverse Voltage 

D-C Output Current 

Base 




6.3 
0.6 

350 max. 
1250 max. 
75 max. 



Volts 
Ampere 
Volts 
Volts 

Milliamperes 



.Small Wafer Octal 6-Pin 



INSTALLATION 

The base pins of the 6X5 fit the standard 
octal socket which may be installed to hold the 
tube in any position. 

The heater should be operated at 6.3 volts. 
Under no condition should the heater voltage ever 
fluctuate so that it exceeds 7.5 volts. The d-c 
potential between heater and cathode should be 
limited to 400 volts. 

APPLICATION 
As a full-wave rectifier, the 6X5 may be 
operated with condenser-input or choke-input filter 
under conditions not to exceed the ratings given 
under CHARACTERISTICS. For discussion of 
rectifiers and filter circuits, refer to page 24 and 
37, respectively. 



OPERATION CHARACTERISTICS 




20 40 60 8C 
■C LOAD MILLIAMPERES 

92C-4576 



-oOOOo- 



AVE RAGE PLATE CHARACTERISTICS 

WITH E c , AS VARIABLE 
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RCA-IO 

POWER AMPLIFIER 
OSCILLATOR 

The 10 is a three-electrode, high- 
vacuum tube suitable for use as an 
audio-frequency amplifier in equip- 
ment designed for its characteristics. 

CHARACTERISTICS 

Filament Voltage (A. C. or D. C.) 7.5 Volts 

Filament Current 1.25 Amperes 

Plate Voltage 250 350 425 max. Volts 

Grid Voltage* -23.5 -32 -40 Volts 

Plate Current 10 16 18 Milliamperes 

Plate Resistance 6000 5150 5000 Ohms 

Amplification Factor 8 8 8 

Transconductance 1330 1550 1600 Micromhos 

Load Resistance 13000 11000 10200 Ohms 

Self-Bias Resistor 2350 2000 2220 Ohms 

Undistorted Power Output... 0.4 0.9 1.6 Watts 

Grid-Plate Capacitance 7 /t/if 

Grid-Filament Capacitance 4 /t/if 

Plate-Filament Capacitance 3 n/i( 

Bulb S-17 

Base Medium 4- Pin Bayonet 

* Grid voltages arc given with respect to the mid-point of filament operated on a. c. If d. c. ia 
used, each stated value of grid voltage should be decreased by 5.0 volts and should be referred to the* 
negative end of the filament. 



INSTALLATION AND APPLICATION 

The base pins of the 10 fit the standard four-contact socket which should be 
installed to hold the tube in a vertical position with the base down. The filament 
of this type is usually operated on a-c, see page 3 3. As an audio power amplifier, 
the 10 should be operated under conditions as given under CHARACTERISTICS. 



AVERAGE PLATE CHARACTERISTICS 
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-~]t3teMAX.\— 



RCA- 11 



RCA-II, RCA-12 



DETECTOR, AMPLIFIER 

The 11 and 12 are three-electrode 
tubes for use as detector and amplifier 
in dry-cell operated receivers designed 
for their characteristics. Their elec- 
trical characteristics are identical. 




RCA-u 



CHARACTERISTICS 

Filament Voltage (D. C.) 1.1 Volts 

Filament Current 0.2? Ampere 

Plate Voltage 90 135 max. Volts 

Grid Voltage -4.5 -10.5 Volts 

Plate Current 2.5 3 Milliampere* 

Plate Resistance 15500 15000 Ohms 

Amplification Factor 6.6 6.6 

Transconductance 425 440 Micromhos 

Grid-Plate Capacitance 3.3 ptpA 

Grid-Filament Capacitance 2.5 p/tf 

Plate-Filament Capacitance 2.5 ^if 




— 98 — 




RCA-I2Z3 



HALF-WAVE RECTIFIER 

The 12Z3 is a half 'wave, high- 
vacuum rectifier of the heater-cathode 
type for use in suitable circuits de- 
signed to supply d-c power from an 
a-c power line. It is intended for 
use in "transformerless" receivers of the "universal" (a.c.-d.c.) type. The 
adaptability of the 12Z3 to such receivers is facilitated by the heater design which 
permits of convenient series operation with other tube types. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 12.6 Volts 

Heater Current 0.3 Ampere 

A'C Plate Voltage (RMS) 2T0 max. Volts 

Peak Inverse Voltage 700 max. Volts 

D'C Output Current 60 max. Milliamperet 

Bulb ST- 12 

Base Small 4-Pin 



INSTALLATION 

The base pins of the 12Z3 fit the standard four-contact socket which may be 
installed to hold the tube in any position. Sufficient ventilation should be provided 
to circulate air freely around the tube to prevent overheating. 

The 12.6-volt heater of the 12Z3 is designed to operate under the normal 
conditions of line-voltage variation without materially affecting the performance or 
serviceability of this tube. For operation of the 12Z3 in series with the heaters 
of other types having 0.3 ampere rating, the current in the heater circuit should be 
adjusted to 0.3 ampere for the normal supply voltage. The d-c potential difference 
between heater and cathode should be limited to 350 volts. 



APPLICATION 

As a half -wave rectifier, the 12Z3 is particu- 
larly useful in "transformerless" receivers of the 
"universal" type. Conditions for this service are 
given under CHARACTERISTICS. 

A filter of the condenser-input type is recom- 
mended for use with this tube in order to obtain 
a d-c output voltage as high as possible. A large 
input capacitance in the order of 16 /if is desirable. 
Typical output curves for several values of input 
condensers are shown in the accompanying diagram. 
As a supplement to the curves with an a-c input 
voltage, a dashed curve is included to show the 
output when the receiver is operated from a d-c 
power line. 



OPERATION CHARACTERISTICS 




D-C LOAD MILL 1AM PERES 

92C-53I6 
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-l 9 /,6 MAX.* 



RCA-15 



R-F AMPLIFIER PENTODE 

The 15 is a heater-cathode pentode 
of the 2.0'volt type for use in bat- 
tery-operated receivers that require a 
separate cathode connection. 




CHARACTERISTICS 

Heater Voltage (D. C.) 2-0 Volts 

Heater Current 0.22 Ampere 

Plate Voltage 67.5 13? max. Volts 

Screen- Voltage (Grid No. 2) 67.5 67.5 max. Volts 

Grid Voltage (Grid No. 1) -1.5 -15 Volts 

Plate Current 1 85 1.85 Milhampere* 

Screen Current 0.3 0.3 Milliampere 

Plate Resistance 0.63 0.8 Megohm 

Amplification Factor 450 600 

Transconductance 710 750 Micromho* 

Grid-Plate Capacitance (With shield-cau) 0.01 /j/if 

Input Capacitance 2.35 p/a 

Output Capacitance 7.80 /ipi 

Bulb ST- 12 

Gap Small Metal 

Base Small 5-Pin 

INSTALLATION AND APPLICATION 

The base pins of the 15 fit the standard five-pin socket which may be installed 
Co hold the tube in any position. 

The potential difference between heater and cathode should be kept as low as 
possible. In no event should it exceed 22.5 volts. 

The APPLICATION of the 15 is similar to that of type 32. The heater- 
cathode construction permits operation where a separate cathode connection is 
required. 



AVERAGE PLATE CHARACTERISTICS 



■ ■ 1 1 1 
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RCA-19 



CLASS B TWIN AMPLIFIER 



GT2 



PT 2 




The 19 combines in one bulb two 
high-mu triodes designed for Class B 
operation. It is intended for use in 
the output stage of battery-operated 
receivers and is capable of supplying 
approximately 2 watts of audio power. The triode units have separate external 
terminals for all electrodes except the filaments, so that circuit design is similar to 
that of Class B amplifiers utilizing individual tubes in the output stage. 



CHARACTERISTICS 

Filament Voltage (D. C.) 2.0 Volts 

Filament Current 0.26 Ampere 

Bulb ST- 12 

Base Small 6-Pin 



As Class B Power Amplifier 



Plate Voltage 

Maximum Signal Plate Current (Per plate) 
Typical Operation 

Plate Voltage 135 

Grid Voltage -6 

Zero-Signal Plate Current (Per plate) 0.5 
Effective Load Resistance 

(Plate-to-plate) 10000 

Average Power Input (Approx.)*.. 95 
Power Output (Approximate) 1.6 



135 
-3 
2 

10000 
130 
1.9 



135 max. 
50 max. 

135 

0 



10000 
170 
2.1 



Volts 

Milliamperes 

Volts 
Volts 

Milliamperes 

Ohms 

Milliwatts 

Watts 



• Applied between grids to give indicated values of power output. 



INSTALLATION 

The base pins of the 19 fit the standard six-contact socket. The socket should 
be installed to hold the tube in a vertical position. In same cases, cushioning of the 
socket may be found desirable. 

For filament operation, refer to INSTALLATION for type 1A6. 



APPLICATION 

As a Class B power amplifier in the output stage of battery-operated receivers, 
the 19 should be operated as shown under CHARACTERISTICS. In such service, 
it may be operated either with zero grid bias or with negative grid bias. The latter 
method may be of advantage in cases where plate-battery drain must be conserved, 
even at some sacrifice in power output. 

The type of driver tube chosen to precede the 19 should be capable of 
handling enough power to operate the Class B amplifier stage. Allowance should 
be made for transformer efficiency. It is most important, if low distortion is desired, 
that the driver tube be worked well below its Class A undistorted output rating, 
since distortion produced by the driver stage and the power stage will be present in 
the output. A discussion of Class B amplifier features is given on page 20. 
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AVERAGE PLATE CHARACTERISTICS 
EACH TRIOOt UNIT 
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9ZC-S335 



OPERATION CHARACTERISTICS 




-9.0 

OUTPUT-CLASS B-ONE TYPE 19 
PLATE V0LT5=I35 GRID VOLT5=0 

GRID RETURN T0+ FIL. 
INPUT TRANSFORMER- VOLTAGE RATIO j—^.^ 2.66 
OUTPUT LOAD* PLATE TO PLAT E =10000 OHMS 
TYPE 




DRIVER SIGNAL WLTS (RMS)Q 

AVERAGE PLATE CHARACTERISTICS 




92C-552H2 
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RCA-20 



POWER AMPLIFIER 

The 20 is a power amplifier triode 
for use in dry-battery operated re- 
ceivers employing 3.3-volt filament 
tubes. 




CHARACTERISTICS 



Filament Voltage (D.C.) . 



3.0- 3.3 

Filament Current 0.125-0.132 

Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 

Load Resistance 

Undistorted Power Output 

Grid-Plate Capacitance 

Grid-Filament Capacitance 

Plate-Filament Capacitance 

Bulb 

Base 

This type is used principally for renewal purposes. 

oOOOo 



90 
-16.5 
3 

8000 
3.3 
415 
9600 
45 



13? max. 
-22.5 

6.5 
6300 

3.3 

52? 
6500 

110 

4.1 

2.0 

2.3 



Volts 
Ampere 
Volts 
Volts 

Milliampere" 
Ohms 



Micromhos 
Ohms 
Milliwatts 

w»f 

T-8 
Small 4-Pin 




RCA-22 



SCREEN-GRID RADIO- 
FREQUENCY AMPLIFIER 

The 22 is a screen grid tube de- 
signed particularly for radio-frequency 
amplification in dry-battery-operated 
receivers employing 3.3-volt filament 
tubes. 

CHARACTERISTICS 

Filament Voltage (D. C) 3.3 

Filament Current 0.132 




135 
45* 
-1.5 
1.7 
0.6 



Plate Voltage 

Screen Voltage (Grid No. 2) 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current (Maximum) 

Plate Resistance 725000 

Amplification Factor 270 

Transconductance 375 

Grid-Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 

Bulb 

Cap 

Base 

* Maximum value of grid resistor if 5.0 megohms, t Maximum value of grid resistor 
This type is used principally for renewal purposes. 



135 max. 
67. 5t max. 
-1.5 
3.7 
1.3 
325000 
160 
500 

0.02 max. 
4.0 
10 



Volts 

Ampere 

Volts. 

Volt* 

Volts 

Milliampera 
Milliamperci 

Ohms 



Micromhot 
Mil 
Hill 
Nil 
ST-14 
Small Metal 
Medium 4-Pin 
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RCA-24-A 

SCREEN-GRID RADIO- 
FREQUENCY AMPLIFIER 

The 24-A is a screen-grid amplifier 
tube of the heater-cathode type for 
use primarily as a radio- frequency 
amplifier in a-c receivers. The 24-A 
may also be used as a screen-grid 
detector or audio amplifier. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) . 

Heater Current 

Plate Voltage* 

Screen Voltage (Grid No. 2) 

Grid Voltage (Grid No. 1) 

Plate Current 



180 
90 max 
-3 
4 



Screen Current (Maximum) 1.7 

Plate Resistance 0.4 

Amplification Factor 400 

Transconductance 1000 

Grid-Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 

Bulb 

Cap 

Base 



2.5 
1.75 
250 
90 max 
-3 
4 
1.7 
0.6 
630 
1050 

0.007 max. 
5.3 
10.5 



Volts 

Amperes 

Volts 

Volts 

Volts 

Milliamperes 
Milliamperes 
Megohm 



Micromhos 

nnl 

p/if 
p/if 
ST- 14 
Small Metal 
Medium 5-Pin 



' Maximum plate voltage ~ 275 volts. 



INSTALLATION AND APPLICATION 

The base pins of the 24-A fit the standard five-contact socket. The socket 
may be installed to hold the tube in any position. For heater operation and cathode 
connection, refer to type 2A5. The screen voltage for the 24-A may be obtained 
from a fixed or variable tap on a voltage divider across the high-voltage supply, 
or across a portion of the supply. Complete shielding in all stages of the circuit 
is necessary if maximum gain per stage is to be obtained. 

AVERAGE PLATE CHARACTERISTICS 




4SO 560 

92C-576H3 
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RCA-25A6 

POWER-AMPLIFIER 
PENTODE 

The 25A6 is a power-amplifier 
pentode of the All-Metal type for 
use in the output stage of radio 
receivers, especially those of the "d-c 
power line" or "universal" type. In 
applications, the 25A6 is capable of handling relatively large audio power. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 25 Volts 

Heater Current O.J Ampere 

Plate Voltage 95 135 180 max. Volts 

Screen Voltage (Grid No. 2) 95 135 135 max. Volts 

Grid Voltage (Grid No. 1) -15 -20 -20 Volts 

Plate Current 20 37 38 Milliamperes 

Screen Current 4 8 7.5 Milliamperes 

Plate Resistance (Approximate) . . . 45000 35000 40000 Ohms 

Amplification Factor (Approx.)... 90 85 100 

Transconductance 2000 2450 2500 Micromhos 

Load Resistance 4500 4000 5000 Ohms 

Self-Bias Resistor 625 440 440 Ohms 

Power Output 0.9* 2f 2.7?{ Watts 

Base Small Wafer Octal 7-Pin 

* 11% total harmonic distortion. X 10% total harmonic distortion. 

t 9% total harmonic distortion. 

INSTALLATION 

The base pins of the 25A6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The 25-volt heater of the 25A6 is designed to operate under the normal 
conditions of line-voltage variation without materially affecting the performance or 
serviceability of this tube. For operation of the 25A6 in series with the heaters of 
other types having 0.3-ampere rating, the current in the heater circuit should be 
adjusted to 0.3 ampere for the normal supply voltage. 

In a series-heater circuit of the "d-c power line" type employing several 
0.3-ampere (6.3-volt) types and one or two 25A6's, the heaters of the 25A6's 
should be placed on the positive side of the line. Under these conditions, heater- 
cathode voltage of the 25A6 must not exceed the value given under cathode. 
In a series-heater circuit of the "universal" type employing rectifier tube 25Z6, one 
or two 25A6's, and several 0.3-ampere (6.3-volt) types, it is recommended that the 
heater(s) of the 25A6('s) be placed in the circuit so that the higher values of 
heater-cathode bias will be impressed on the 25A6("s) rather than on the 6.3-volt 
types. This is accomplished by arranging the 25A6('s) on the side of the supply 
line which is connected to the cathode of the rectifier, i.e., the positive terminal of 
the rectified voltage supply. Between this side of the line and the 25A6( , s), any 
necessary auxiliary resistance and the heater of the 25Z6 are connected in series. 

The cathode circuit in "d-c power line" or "universal" receivers is tied in 
either directly or through biasing resistors to the negative side of the d-c plate 
supply which is furnished either by the d-c power line or by the a-c line by means 
of a rectifier. The potential difference thus introduced between heater and cathode 
of the 25A6 should not exceed 90 volts d.c, as measured between the negative 
heater terminal and the cathode. 
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APPLICATION 

As a power amplifier (Class A), the 25A6 is recommended for use either singly 
or in push-pull combination in the power output stages of "d-c power line 
and "universal" receivers. Recommended operating conditions are given under 
CHARACTERISTICS. 

The self'bias resistor should be shunted by a suitable filter network to avoid 
degenerative effects at low audio frequencies. The use of two 25A6's in push-pull 
eliminates the necessity for shunting the resistor. The self-bias resistor for two 
25A6's in the same stage is approximately one-half the value given for single-tube 
operation. 

The total d-c resistance in the grid circuit should not exceed 0.5 megohm with 
self-bias; or 0.5 megohm for the 95-volt condition and 50000 ohms for the 135-volt 
and 180-volt conditions with fixed bias. 

An additional plate family for this type is shown under type 4 J. 

AVERAGE PLATE CHARACTERISTICS 
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AVERAGE PLATE CHARACTERISTICS 
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RCA-25L6 




BEAM POWER AMPLIFIER 

The 25L6 is a power-amplifier tube 
of the All-Metal type for use in the 
output stage of "transformerless" 
(a.c.-d.c.) radio receivers, especially 
those designed to have ample reserve 
of power-delivering ability. The new tube provides high power output at the 
relatively low plate and screen voltages available for transformerless receivers. The 
high power output is obtained with high power sensitivity and high efficiency. 

These distinctive features have been made possible by the application of 
directed-electron-beam principles in the design of the 25L6. The design is similar 
to that of the RCA-6L6 with the difference that the 25L6 is intended for operation 
in a.c.-d.c. receivers. 



TENTATIVE CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 25.0 Volts 

Heater Current 0.3 Ampere 

Base Small Wafer Octal 7-Pin 



As Single-Tube Class At Amplifier 





110 


110 


Volts 


Screen Voltage (Grid No. 2) 


110 


110 


Volts 


Grid Voltage (Grid No. 1) 


-7.5 


-7.5 


Volta 




7.5 


7.5 


Volts 


Zero-Signal Plate Current 


49 


49 


Milliamperes 


Max.-Signal Plate Current 


54 


50 


Milliamperes 


Zero- Signal Screen Current 


4 


4 


Milliamperes 




9 


11 


Milliamperea 




10000 


10000 


Ohms 




8200 


8200 


Micromhos 


Load Resistance 


1500 


2000 


Ohms 


Distortion : 










11 


10 


Per cent 




10 


3.5 


Per Cent 




4 


8.5 


Per cent 




2.1 


2.2 


Watts 



INSTALLATION 

The base pins of the 25L6 fit the standard octal-base socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to type 25A6. 



APPLICATION 

The 25L6 should be operated as shown under CHARACTERISTICS. The 
values have been determined on the basis that grid current does not flow during 
any part of the input cycle. The type of input coupling used should not introduce 
too much resistance in the grid circuit. Transformer- or impedance-coupling device* 
are recommended. When the grid circuit has a d-c resistance not higher than 0.1 
megohm, fixed bias may be used; for higher values, self-bias is required. Witt 
self-bias, the grid circuit may have a d-c resistance as high as, but not greater than 
0.5 megohm. A family of plate characteristic curves is given on the preceding page 
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RCA-25Z5 



urn 




RECTIFIER-DOUBLER 

The 25Z5 is a full-wave, high- 
vacuum rectifier of the heater-cathode 
type for use in suitable circuits H h 

designed to supply d-c power from 
an a-c power line. This tube is well 
transformerless" receivers of either the "universal (a.c.-d.c.)" type or 
In "universal" receivers, the 25Z5 may be used as a 



suited for 

the "a-c operated" type, 
half-wave rectifier, while in the "a-c operated" type, it may be used as a voltage 
doubler to provide about twice the d-c output voltage obtainable from the half-wave 
arrangement. This two- fold application is made possible by the use of a separate 
base pin for each of the two cathodes. For voltage-doubler considerations, see 
page 25. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. G.) 25 Volts 

Heater Current 0.3 Ampere 

Bulb ST- 12 

Base Small 6-Pin 



As Voltage Doubler 

A-C Plate Voltage Per Plate (RMS) 1 25 max. Volts 

Peak Plate Current 500 max. Milliamperes 

D-C Output Current 100 max. Milliamperes 



As Half-Wave Rectifier 



A-C Plate Voltage Per Plate (RMS). . . 125 max. 250* max. Volts 

Peak Plate Current (per plate) 500 max. 500 max. Milliamperes 

D-C Output Current (per plate) 85 85 max. Milliamperes 

• On a-c input voltage above 125 volts, it is necessary to connect a 100 ohm resistor in aeries 
with each plate lead, or a 100 ohm resistor common to both plates (giving somewhat poorer regula- 
tion) may be used- 



INSTALLATION AND APPLICATION 

The base pins of the 25Z5 fit the standard six-contact socket which may be 
installed to hold the tube in any position. The bulb of this tube will become 
quite hot under certain conditions of operation. Sufficient ventilation should be 
provided to circulate air freely around the tube to prevent overheating. For heater 
operation, filter considerations, and APPLICATION, refer to type 25Z6. 

Operation curves and circuits are given on the following page. 
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D-C LOAD WILLIAM PERES 

92C-5229RI 



OPERATION CHARACTERISTICS 

VOLTAGE DOUBLES 
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D-C LOAD MILL1AMPERES 

92C-524I 




HALF-WAVE RECTIFIER CIRCUIT VOLTAGE -DOUBLER CIRCUIT 




R = HEATER VOLTAGE -DROPPING RESISTOR R - HEATER VOLTAGE-REDUCING RESISTOR 

C=FILTER CONDENSER C = FILTER CONDENSER 
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RCA-25Z6 




RECTIFIER-DOUBLER 

The 25Z6 is a full-wave, high- 
vacuum rectifier of the heater-cathode 
type for use in suitable circuits 
designed to supply d-c power from 
an a-c power line. This tube is well 
suited for "transformerless" receivers of either the "universal (a.c.-d.c.)" type or 
the "a-c operated" type. In "universal" receivers, the 25Z6 may be used as a 
half-wave rectifier, while in the "a-c operated" type, it may be used as a voltage 
doubler to provide about twice the d-c output voltage obtainable from the half-wave 
arrangement. For voltage-doubler considerations, see page 25. 



Heater Voltage (A. C. or D. 

Heateb Current 

Base 



CHARACTERISTICS 

C.) 



25 Volts 
0.3 Ampere 
.Small Wafer Octal 7-Pin 



As Voltage Doubler 

A-C Plate Voltage Per Plate (RMS) 

Peak Plate Current 

D-C Output Current 



As Half-Wave Rectifier 



1 25 max. Volts 
500 max. Milliamperea 
85 max. Milliamperei 



A-C Plate Voltage Per Plate (RMS) . . . 125 max. 250* max. Volts 

Peak Plate Current Per Plate 500 max. 500 max. Milliamperea 

D-C Output Current Per Plate 85 max. 85 max. Milliamperea 

• An a-c input voltage greater than 125 volt* requires the uae of a aeries resistor or resistors. 
A 100-ohm resiltor in each plate lead or a 100-ohm resistor common to both plates (giving somewhat 
poorer regulation) may be used. 

INSTALLATION 

The base pins of the 25Z6 fit the standard octal socket which may be installed 
to hold the tube in any position. 

The heater is designed to operate under the normal conditions of line voltage 
variation without materially affecting the performance or serviceability of this tube. 
The current in the heater circuit should be adjusted to 0.3 ampere for the normal 
supply voltage. 

A filter of the condenser-input type is recommended for use with this tube in 
order to obtain a d-c output voltage as high as possible. A large input capacitance 
in the order of 16 /if is desirable for half -wave rectifier service, while a higher 
value is advantageous for voltage-doubler circuits. 

APPLICATION 

As a half -wave rectifier, the 25Z6 is designed for service in "transformerless" 
receivers of the "universal" type. In such service, the two plates are connected 
together at the socket in order to act as a single plate; likewise, the cathodes art 
connected as a unit. Conditions for this method of operation are given under 
CHARACTERISTICS. Typical output curves for several values of input condensers 
are shown on page 109. As a supplement to the curves with a-c input voltage, a 
dotted curve is included to show the output when the receiver is operated from a 
d-c power line. 

As a voltage doubler, the 25Z6 is useful in "transformerless" receivers of the 
"a-c operated" type and is capable of supplying approximately twice the d-c output 
voltage of the half-wave circuit. In voltage-doubling service, the two diode units 
of the tube are arranged as shown in the voltage-doubler circuit, below. Circuits 
are given on the preceding page. 
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RCA-26 



its characteristics, 
output tube. 



AMPLIFIER 

The 26 is an amplifier tube con- 
taining a filament designed for opera- 
tion on alternating current. This 
tube is for use as an r-f or a-f 
amplifier in equipment designed for 
The 26 is not ordinarily suitable for use as 




a detector or power 



CHARACTERISTICS 

Filament Voltage (A. C. or D. C.) 1.5 Volts 

Filament Current 1.05 Amperes 

Plate Voltage 90 135 180 max. Volts 

Grid Voltage* -7 -10 -14.5 Volts 

Plate Current 2.9 5.5 6.2 Milliamperes 

Plate Resistance 8900 7600 7300 Ohms 

Amplification Factor 8.3 8.3 8.3 

Transconductance 935 1100 1150 Micromhos 

Grid-Plate Capacitance 8.1 nyi 

Grid-Filament Capacitance 2.8 p/if 

Plate-Filament Capacitance 2.5 /i/tf 

Bulb ST- 14 

Base Medium 4-Pin 

• Grid voltage measured from mid-point of a-c operated filament. 



INSTALLATION AND APPLICATION 

The base pins of the 26 fit the standard four-contact socket, which should be 
installed to hold the tube in a vertical position. 

The coated filament of the 26 should be operated at the rated voltage of 1.5 
volts from the a-c line through a step-down transformer. 

As an amplifier, the 26 should be operated as shown under CHARACTER- 
ISTICS. 
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RCA-27 



DETECTOR, AMPLIFIER 

The 27 is a three-electrode general 
purpose tube of the heater-cathode 
type for use as an amplifier and 
detector in a-c receivers. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C). . . 

Heater Current 

Plate Voltage* 90 

Grid Voltage^ -6 

Plate Current 2.7 

Plate Resistance 11000 

Amplification Factor 9 

Transconductance 820 

Grid-Plate Capacitance 

Grid-Cathode Capacitance 

Plate-Cathode Capacitance 

Bulb 

Base 



135 
-9 
4.5 
9000 
9 

1000 



180 
-13.5 

5.0 
9000 
9 

1000 



2.5 
1.75 
250 
-21 
5.2 
9250 
9 

975 
3.3 
3.1 
2.3 



• Maximum plate voltage = 275 volts. 

t Maximum value of d-c resistance in grid circuit is 1.0 megohm. 



Volts 
Amperes 
Volts 
Volts 

Milliampere* 
Ohms 

Micromhos 
Mil 

Ulii 

ST- 12 
Small 5 -Pin 



INSTALLATION AND APPLICATION 

The base pins of the 27 fit the standard five-contact socket. The socket may 
be installed to hold the tube in any position. 

For heater operation and cathode connection, refer to type 2A5. 

As an amplifier, the 27 is applicable to the audio- or the radio-frequency 
stages of a receiver. Recommended plate and grid voltages are shown under 
CHARACTERISTICS. 

As a detector, the 27 may be operated either with grid leak and condenser 
or with grid bias. The plate voltage for grid leak and condenser detection is 45 
volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 
tif is suitable. For grid-bias detection, a plate voltage of 275 volts or less may be 
used. The corresponding grid bias should be adjusted so that the plate current, 
when no signal is being received, is approximately 0.2 milliampere. For the 
condition of 250 volts on plate and transformer coupling, the grid bias will be 
approximately -30 volts. 

AVERAGE PLATE CHARACTERISTICS 




300 400 
PLATE VOLTS 



92C- 6I3R2 
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RCA-30 




DETECTOR, AMPLIFIER 

The 30 is a detector and amplifier 
tube of the three-electrode type for 
battery-operated radio receivers where 
economy of filament-current drain is 
important. 

CHARACTERISTICS 

Filament Voltage (D. C.) 2 0 Volts 

Filament Current 0.060 Ampere 

Grid-Plate Capacitance 6 0 p/a 

Grid-Filament Capacitance 3 0 npi 

Plate-Filament Capacitance 2.1 nut 

Bulb ST- 12 

Base Small 4-Pin 



As Class Ai Amplifier 



Plate Voltage 90 135 180 max. Volts 

Grid Voltage -4.5 -9 -13.5 Volts 

Plate Current 2.5 3.0 3.1 Milliamperea 

Plate Resistance 11000 10300 10300 Ohms 

Amplification Factor 9.3 9.3 9.3 

Transconductance 850 900 900 Micromhos 



As Class B Amplifier 



Plate Voltage 180 max. Volts 

Maximum-Signal Plate Current 10 max. Milliampere*; 

Zero-Signal Plate Current (Per tube) 1.5 max. Milliampere» 

Typical Operation (2 tubes) 

Values are for two tubes. 

Plate Voltage I" -5 Volt. 

Grid Voltage -15 Volts 

Zero-Signal Plate Current (Per tube) 1.0 Milliampere 

Effective Load Resistance (Plate-to-plate) 8000 Ohms 

Maximum- Signal Driving Power 260 Milliwatts 

Power Output, Approximate* 2.1 Watts 



* With one type 30 as driver operated under the following conditions: Plate voltage, 117.5 volt*, 
negative grid bias voltage. 11.3 volts; plate load of approximately 18000 ohms; and input transformer 
ratio (primary to one-half secondary), 1.165: Total distortion is 6 to T%. 

INSTALLATION AND APPLICATION 

The base pins of the 30 fit the standard four-contact socket which should be 
installed to hold the tube in a vertical position. Cushioning of the socket in the 
detector stage may be desirable if microphonic disturbances are encountered. For 
filament operation, refer to INSTALLATION on type 1A6. 

As a detector, the 30 may be operated either with grid leak and condenser or 
with grid-bias. The plate voltage for the former method should not be more than 
45 volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 
0.00025 pi is satisfactory. The grid return should be connected to the positive 
filament socket terminal. For grid-bias detection, plate voltages up to the maximum 
value of 180 volts may be used. The corresponding grid-bias should be adjusted 
so that the plate current is about 0.2 milliampere when no signal is being received. 

In resistance-coupled service, the maximum d-c resistance in the grid circuit 
should not exceed 2 megohms. 

A family of plate characteristic curves is given on page 102. 
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RCA-3 I 



POWER AMPLIFIER 

The 31 is a power-amplifier tube 
of the three-electrode type for bat- 
tery-operated radio receivers where 
economy of filament-current drain is 
important. 




CHARACTERISTICS 

Filament Voltage (D. C.) 2.0 Volts 

Filament Current 0.130 Ampere 

Plate Voltage 135 180 max. Volts 

Grid Voltage _22.5 -30 Volts 

Plate Current 8.0 12.3 Milliamperee 

Plate Resistance 4100 3600 Ohms 

Amplification Factor 3.8 3.8 

Transconductance 925 1050 Micromhos 

Load Resistance 7000 5700 Ohms 

Self-Bias Resistor 2815 2440 Ohms 

Undistorted Power Output 0.185 0.375 Watt 

Grid-Plate Capacitance 5.7 ppf 

Grid-Filament Capacitance 3.5 /t/tf 

Plate-Filament Capacitance 2 7 /ipf 

5 ULB ST- 12 

Base Small 4-Pin 



INSTALLATION 

Refer to INSTALLATION on type 30. 



APPLICATION 

As a power amplifier, the 31 should be operated as shown under CHAR- 
ACTERISTICS. Grid voltage may be obtained from a C-battery, or by means of 
a self-bias resistor connected in the negative plate-return lead. The latter method 
is required where a grid resistor (maximum value 1 megohm) is used. If more 
output is desired than can be obtained from a single 31, two 31's may be operated 
either in parallel or push-pull connection. 
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RCA-32 

RADIO-FREQUENCY 
AMPLIFIER 

The 32 is a screen-grid tube rec 
ommended primarily for use as a 
radio-frequency amplifier in battery- 
operated radio receivers where 
economy of filament-current drain is 
important. 




CHARACTERISTICS 



Filament Voltage (D. C). 
Filament Current 



Grid-Plate Capacitance (With shield-can) 

Input Capacitance 

Output Capacitance 

Bulb 

Cap 

Base 





2.0 


Volts 




0.060 


Ampere 


135 


180 max. 


Volts 


67.5 max 


67.5 max. 


Volts 


-3 


-3 


Volts 


1.7 


1.7 


Milliamperes 


0.4 


0.4 


Milliampere 


0.95 


1.2 


Megohms 


• 610 


780 




640 


650 


Micromhoe 




0.015 max. 


Ulif 




5.3 


M»f 




10.5 


UfA 



ST- 14 
Small Metal 
Medium 4-Pin 



INSTALLATION AND APPLICATION 

For socket mounting and filament operation, refer to INSTALLATION for 
type 30. 

The screen voltage may be obtained from a tap on the plate battery or a 
bleeder circuit across the supply battery in whole or in part. Never attempt to 
obtain the screen voltage for the 32 by connecting the screen through a series 
resistor to a high-voltage source. The results will not be satisfactory because of 
voltage-drop variation produced by the different screen currents of individual tubes. 
Volume control may be effected by variation of the screen voltage between 0 and 
67.5 volts. The variation must, however, be made by a potentiometer shunted across 
the screen-voltage supply and not by a high-resistance rheostat. 

Complete shielding of all stages is recommended if maximum gain per stage is 
to be obtained. 

As a detector, the 32 may be operated either with grid leak and condenser or 
with grid bias. For grid bias detection, suitable operating conditions are: Plate- 
supply voltage, 180 volts applied through a plate-coupling resistance of 0.1 megohm 
or an equivalent impedance; screen voltage, 67.5 volts; and a negative grid bias 
(approximately 6 volts) adjusted so that a plate current of 0.2 milliampere is 
obtained with no input signal. In designing circuits to use the 32 as a detector, 
it is desirable to work from the detector stage directly into the power-output stage. 

The d-c resistance in the grid circuit of the 32 should not exceed 2 megohms. 

A family of plate characteristic curves is given on page 118. 
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RCA-33 

POWER-AMPLIFIER 
PENTODE 

The 33 is a power-amplifier pen- 
tode for use in the output stage of 
battery - operated receivers where 
economy of battery consumption is 
important. 




CHARACTERISTICS 



Filament Voltage (D. C.) 

Filament Current 

Plate Voltage 

Screen Voltage (Grid No. 2) . . . 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current 

Plate Resistance 

Amplification Factor (Appro*.). 



Self-Bias Resistor 

Power Output (7% total harmonic distort.) 

Bulb 

Base 





2.0 


Volts 




0.260 


Ampere 


135 


180 max. 


Volts 


135 


1 80 max. 


Volts 


-13.5 


-18 


Volts 


14.5 


22 


Milliamperes 


3 


5 


Milliamperes 


50000 


5 5000 


Ohms 


70 


90 




1450 


1700 


Micromhos 


7000 


6000 


Ohms 


770 


670 


Ohms 


0.7 


1.4 


Watts 



ST- 14 
Medium 5-Pin 



INSTALLATION AND APPLICATION 
The base pins of the 33 fit the standard five-contact socket. The socket 
should be installed to hold the tube in a vertical position. In some cases, cushioning 
of the socket may be found desirable. For filament operation, refer to INSTAL- 
LATION for type 1A6. 

For the power amplifier stage of radio receivers, the 33 is recommended either 
•injly or in push-pull combination. More than one audio stage preceding the 33 is 
undesirable because of the possibility of microphonic disturbances resulting from the 
high level of amplification. Transformer or impedance coupling devices are 
preferable. If resistance coupling is employed, the d-c resistance in the grid circuit 
should not exceed 1.0 megohm under self -bias conditions; without self -bias, the 
maximum value is 0.5 megohm. 



AVERAGE PLATE CHARACTERISTICS 




■3S5 - 
92C-5440 
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RCA-34 

SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 34 is a super-control pentode f 
recommended for use primarily as a 
radio'frequency amplifier and interme- 
diate-frequency amplifier in battery- 

operated receivers where economy of 

filament-current drain is important. The 34 is very effective m 
modulation and modulation-distortion over the usual range oi 
Sut the use of antenna potentiometers or auxiliary volume-control switches^ 
(See Super-Control amplifier, page 16.) This super-control characterise makes the 
t4e uniquely adaptable to the r-f and i-f stages of receivers employing automatic 
volume control. 



reducing cross- 
signal voltages 



CHARACTERISTICS 



Filament Voltage (D. C.) 2 -° 

Filament Current A;V+""i^' i sn ma* 

Plate Voltage 67.5f l->5 }°'i max - 

Screen Voltage (Grid No. 2)*. .. .67.5 max. 67.5 max. 61.5 max 
Grid Voltage, Variable (Grid No. 1) -3 mm. -3 mm. -3 mm. 

Plate Current 2.7 2.8 2.8 

Screen Current I- 1 

Plate Resistance 0.4 0 6 l.u 

Amplification Factor 224 360 biu 

Transconductance 560 6UU ozu 

Transconductance (At -22.5 volts 

bias) 15 15 15 

Grid-Plate Capacitance (With shield-can) 0.015 max. 



Input Capacitance 
Output Capacitance 
Bulb 



6.0 
11.5 



Cap 

Base 

* Under conditions of maximum plate current. 

t Recommended values for use in portable receivers. 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperes 
Milliamperes 
Megohm 

Micromhos 



Micromhos 
ppi 

S1-14 
Small Metal 
Medium 4-Pin 



INSTALLATION 

The base pins of the 34 fit the standard four-contact socket which should be 
installed to hold the tube in a vertical position. Although this tube is quite free 
from microphonic disturbances, cushioning of its socket may sometimes be desirable. 

For filament operation, refer to INSTALLATION for type 1A6. 

The screen voltage may be obtained from a tap on the B-supply battery or 
from a bleeder circuit across the battery, as a whole or in part. Due to the screen 
current characteristics of the 34, a resistor in series with the B-supply may be 
employed, if desired, for obtaining the screen voltage, provided the maximum 
voltage between screen and filament does not exceed 100 volts under conditions of 
reduced plate current. 

Stage shielding enclosing all the components of each stage is, in general, 
necessary for multi-stage amplifier circuits. 

APPLICATION 

As an r-f or i-f amplifier, the 34 is applicable in /reivers deigned for it 
Plate, screen, and minimum grid voltages are given under CHARAC 1 EKlo l lt_«a 
for a number of operating conditions. 
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Volume control of the receiver is accomplished effectively by variation of the 
negative voltage applied to the grid. In order to obtain adequate volume control 
an available grid-bias voltage of approximately -22.5 volts will be required The 
exact value will depend upon the circuit design and operating conditions. This 
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate source, 
depending on receiver requirements. 

Owing to the fact that the super-control feature of the 34 requires a compara- 
tively large grid-bias change, the screen and plate voltage may vary considerably for 
various volume settings, depending on receiver design. It is recommended, therefore, 
that design features be incorporated in the receiver so that the screen voltage will 
not exceed 67 5 volts under conditions of minimum grid bias and maximum plate 
current With a design arrangement of this kind, the screen voltage at decreased 
values of plate current may reach a value higher than 67.5 volts but should not 
exceed 100 volts It should be recognized that under the condition of screen 
voltage above 67.5 volts at low plate current, an increase in the grid-bias voltage 
supply must be provided for adequate volume control. 

t L AS ii h L mixcr J in . superheterodyne circuits, the 34 may be utilized to advantage 
It should be noted that by varying the grid bias on the mixer in conjunction with 
that on the radio-frequency and/or the intermediate-frequency stages, additional 
control of volume may be accomplished. Recommended conditions are- Plate 
voltage, 67.5 to 180 volts; screen voltage, 67.5 volts; grid-bias voltage -5 volts 
approximately (with 4-volt oscillator peak swing). 

AVERAGE PLATE CHARACTERISTICS 
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TYPE. 32 

E f =2.0 VOLTS D.C. 
SCREEN VOLT5=67.5 




























































































-GRID 


✓OLTS 


Ed 


: 0 


















lb 










































Jb _ 










-2 
































lb 










= 3 _ 












lb 










-A 






P 








lb 










-5 






"3 






L lb 










-6 







PLATE VOLT5 



92C-557R3 



— 118 — 





RCA-35 

SUPER-CONTROL R-F 
AMPLIFIER 

The 35 is a super-control screen n 
grid amplifier tube of the heater- 
cathode type recommended as an r-f 
amplifier and an i-f amplifier in a-c 

-i uuuuu, receivers. The 35 is very effective 

in reducing cross-modulation and modulation-distortion over the enure range ot 
received signals. Its design is such as to permit easy control of a large range ot 
signal voltages without the use of local-distance switches or antenna potentiometers^ 
TUs super g control feature makes the tube adaptable to circuits incorporating 
automatic volume control. See page 16 for Super-Control feature. The 35 is 
interchangeable with type 51. 



CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 



2.5 



Heater Current — 

Plate Voltage* 

Screen Voltage (Maximum) 

Grid Voltage, Variable (Minimum) 

Plate Current 

Screen Current (Maximum) 

Plate Resistance 

Amplification Factor 

Transconductance 1° 2 0 

Transconductance (At -40 volts bias) .... 15 
Grid-Plate Capacitance (With shield-can) 0.007 max. 



180 
90 
-3 
6.3 
2.5 
0.3 
305 



250 
90 
-3 
6.5 
2.5 
0.4 
420 
1050 
15 



5.3 
10.5 



Volts 
Amperes 
Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 
Megohm 

Micromhos 
Micromhos 
Mii 
Hill 
Hill 
ST- 14 
Small Metal 
Medium 5-Pin 



Input Capacitance 

Output Capacitance 

Bulb 

Cap 

Base 

* Maximum plate voltage = 275 volts. 

INSTALLATION 

The base pins of the 35 fit the standard five-contact socket which may be 
installed to hold the tube in any position. 

For heater operation and cathode connection, refer to type 2A5. 

The screen voltage for the 35 may be obtained from a fixed or variable tap on 
a voltage divider across the supply voltage or from a portion of the supply. 

Complete shielding for all stages of the circuit is necessary if maximum gain 
and the volume-control-range capabilities of this tube are to be realized. 

APPLICATION 

As a radio-frequency and intermediate-frequency amplifier, the 35 should be 
operated as shown under CHARACTERISTICS. In general, properly designed 
radio-frequency transformers are preferable to interstage coupling impedances, 
especially in cases where a high-impedance B-supply may cause oscillation below 
radio frequencies. 

Volume control of receivers designed for the 35 may be accomplished by 
variation of the negative grid bias of this tube. In order to utilize the full 
volume-control range of the 35, an available grid-bias voltage of approximately 50 
volts will be required, depending on the circuit design and operating conditions. 
This voltage may be obtained from a potentiometer, a bleeder circuit, or from an 
adjustable cathode resistor. 
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As a mixer in superheterodyne receivers, the 35 may be used under the 
following conditions: Plate voltage, 250 volts; screen voltage, 90 volts; and grid bias, 
-7 volts with a 6-volt peak swing from the oscillator. By varying the grid bias 
on the mixer in conjunction with that on the radio-frequency and/or the inter- 
mediate-frequency stages, additional control of volume may be accomplished. 





*! MAX.* 




RCA-36 

RADIO-FREQUENCY 
AMPLIFIER 

The 36 is a heater-cathode type of 
screen grid tube intended for use as 
a radio-frequency amplifier, interme- 
diate - frequency amplifier, and 
detector. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 

Heater Current 

Plate Voltage 

Screen Voltage 

Grid Voltage 

Plate Current 

Screen Current 

Plate Resistance 

Amplification Factor 

Transconductance 



100 
55 
-1.5 
1.8 

0.55 
470 
850 



135 
67.5 
-1.5 

2.8 

0.475 
475 
1000 



6.3 
0.3 

180 250 
90 max. 90 



max. 
max. 



-3 
3.1 

0.5 
525 
1050 



-3 
3.2 
1.7 i 

0.55 
595 

1080 



Grid-Plate Capacitance (With shield-can) 0.007 i 

Input Capacitance 3.7 

Output Capacitance 9.2 

Bulb 

Cap 

Base 



Volts 
Ampere 
Volts 
Volts 
Volts 

Milliamperes 
:. Milliamperes 
Megohm 

Micromhos 

«if 

M»f 
ST- 12 
Small Metal 
Small 5-Pin 



INSTALLATION AND APPLICATION 

The base pins of the 36 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 6A8. For screen voltage and 
shielding, refer to INSTALLATION for type 35. 

As a radio-frequency amplifier, the 36 should be operated as shown under 
CHARACTERISTICS. 

As a detector, the 36 may be operated either with grid leak and condenser or 
with grid bias. For grid-bias detection, suitable operating conditions are: Plate- 
supply voltage, 180 volts applied through a plate-coupling resistor of 0.25 megohm 
or an equivalent impedance; screen voltage, 67.5 volts; and negative grid bias, 6 
volts (approx.) so adjusted that a plate current of 0.1 milliampere is obtained with 
no input signal. 

A plate family of characteristics is given on the preceding page. 
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DETECTOR, AMPLIFIER 

The 37 is a three-electrode general- 
purpose tube of the heater-cathode 
type for use as amplifier and detector. 

CHARACTERISTICS 



Heater Voltage (A. C. or D. 


C.)... 






6.3 


Volts 










0.3 


Ampere 




90 


13? 


180 


250 max. 


Volts 




-6 


-9 


-13.5 


-18 


Volts 


Plate Current 


2.5 


4.1 


4.3 


7.5 


Milliamperes 


Plate Resistance 


11500 


10000 


10200 


8400 


Ohms 


Amplification Factor 


9.2 


9.2 


9.2 


9.2 






800 


925 


900 


1100 


Micromhos 










2.0 


ppi 


Grid-Cathode Capacitance . 








3.5 


«*f 


Plate-Cathode Capacitance 








2.9 


/i/ti 












ST- 12 












Small 5-Pin 



* The d'C resistance in the grid circuit should not exceed 1.0 megohm. 



INSTALLATION AND APPLICATION 

The base pins of the 37 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 6A8. 

As an amplifier, the 37 is applicable to the audio- or the radio-frequency 
stages of a receiver. Recommended plate and grid voltages are shown under 
CHARACTERISTICS. 

As a detector, the 37 may be operated with either grid leak and condenser 
or with grid bias. The plate voltage for the grid leak and condenser method is 45 
volts. A grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 
/if is suitable. For grid-bias detection a plate voltage of 250 volts, together with 
a negative grid bias of approximately 28 volts, may be used. The plate current 
should be adjusted to 0.2 milliampere with no input signal. 



AVERAGE PLATE CHARACTERISTICS 




o 50 100 150 200 250 300 350 400 

PLATE VOLTS 92C-SI39R? 
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RCA-38 

POWER-AMPLIFIER 
PENTODE 

The 38 is a power-amplifier pen- 
tode of the heater-cathode type. The 
relatively low heater current of this 
type makes it suitable for automobile 
receivers and for power-line-operated 
sets, particularly those with a series- 
heater arrangement. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 



Plate Voltage 100 135 180 250 max. Volts 

Screen Voltage 100 135 180 250 max. Volts 

Grid Voltage -9 -13.5 -18 -25 Volts 

Plate Current 7 9 14 22 Milliamperes 

Screen Current 1.2 1.5 2.4 3.8 Milliamperes 

Plate Resistance 0.14 0.13 0.115 0.10 Megohm 

Amplification Factor 120 120 120 120 

Transconductance 875 925 1050 1200 Micromhos 

Load Resistance 15000 13500 11600 10000 Ohms 

Self-Bias Resistor 1100 1100 1100 970 Ohms 

Power Output 0.27* 0.55t 1.0* 2.5* Watts 

Grid-Plate Capacitance 0.30 niti 

Input Capacitance 3.5 ppi 

Output Capacitance 7.5 ppi 

Bulb ST- 12 

Cap Small Metal 

Base Small 5-Pin 



* 8% total harmonic distortion, 
t 10% total harmonic distortion. 



INSTALLATION AND APPLICATION 

The base pins of the 38 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 6A8. 

For the power amplifier stage of radio receivers, the 38 is recommended either 
singly or in push-pull combination. Transformer or impedance-coupling devices are 
preferable. If, however, resistance coupling is used, the d'C resistance in the grid 
circuit should be limited to 1.0 megohm with plate voltages up to 250 volts, provided 
the heater voltage does not rise more than 10% above the rated value under any 
condition of operation. 

A plate family of characteristics is given on page 125. 
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RCA-39/44 

SUPER-CONTROL R-F 
AMPLIFIER PENTODE 

The 39/44 is a heater-cathode tube 
of the remote cut-off type suitable for 
use primarily as a radio-frequency 
amplifier, intermediate - frequency 
amplifier, and mixer in receivers 
designed for its characteristics. The 39/44 is effective in reducing cross-modulation 
and modulation-distortion over the usual range of signal voltages without the use 
of antenna potentiometers or auxiliary volume-control switches. An explanation of 
the Super-Control feature is given on page 16. 




CHARACTERISTICS 



90 
90 
-3 
5.6 
1.6 



Heater Voltage (A. C. or D. C). 

Heater Current 

Plate Voltage 

Screen Voltage 

Grid Voltage (Minimum) 

Plate Current 

Screen Current 

Plate Resistance 0.375 

Amplification Factor 360 

Transconductance 960 

Transconductance (At -42.5 volts 

bias) 2 

Grid-Plate Capacitance (With shield-can) 

Input Capacitance 

Outpl't Capacitance 

Bulb 

Cap 

Base 



180 
90 
-3 
5.8 
1.4 
0.75 
750 
1000 



6.3 
0.3 

250 max. 

90 max. 

-3 

5.8 

1.4 

1.0 
1050 
1050 



0.007 max. 
3.5 

10 



Volts 
Ampere 
Volts 
Volts 
Volts 

Milliamperes 
Milliamperet 
Megohm 

Micromhot 

Micromhoc 
lipf 
/i/if 

««f 

ST- 12 
Small Metal 
Small 5-Pin 



INSTALLATION 

The base pins of the 39/44 fit the standard five-contact socket. The socket 
may be installed to hold the tube in any position. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 6A8. 

The screen voltage for the 39/44 may be obtained from a section of the 
B-battery, from a fixed or variable tap on a voltage divider across the supply voltage, 
or from a portion of the supply. Care should be taken to keep the impedance 
between the screen and cathode as low as possible. 

When the 39/44 is self-biased, a resistor in series with the high-voltage supply 
may be used for obtaining the screen voltage. This is possible because of the stable 
screen-current characteristic of the 39/44 pentode. The resistor method of securing 
the screen voltage is limited to circuits where the screen-voltage supply does not 
exceed 180 volts as a maximum. The value of this resistance should be such that 
under the conditions of minimum grid bias and maximum plate current the screen 
voltage will not exceed 90 volts. A resistance of approximately 80000 ohms will 
be suitable. 

Complete shielding of all stages is necessary if maximum gain per stage is to 
be obtained. 
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APPLICATION 

As a radio-frequency and intermediate-frequency amplifier, the 39/44 should 

be operated as shown under CHARACTERISTICS. In general, properly designed 
radio-frequency transformers are preferable to interstage coupling impedances, 
especially in cases where a high impedance B-supply may cause oscillation below 
radio frequencies. 

Volume control of receivers designed for the 39/44 may be accomplished by 
variation of the negative grid bias of this tube. In order to obtain adequate volume 
control, an available grid'bias voltage of approximately 45 volts will be required. 
The exact value will depend upon the circuit design and operating conditions. This 
voltage may be obtained from a potentiometer, a bleeder circuit, a variable resistor 
in the cathode circuit, or from a separate source. 

As a detector mixer in superheterodyne receivers, the 39/44 may be utilised. 
Suitable operating voltages for such service are: Plate voltage, 90 to 250 volts; 
screen voltage, 90 volts; grid voltage, -7 volts (approx.), with a 6'volt peak swing 
from the oscillator. By varying the grid bias on the mixer in conjunction with that 
on the r-f and/or the M stages, additional control of volume may be accomplished. 

AVERAGE PLATE CHARACTERISTICS 



TYPES 39/44 
E^=6.3 VOLTS 
SCREEN VOLTS =90 
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RCA-40 



VOLTAGE AMPLIFIER 

The 40 is a high-mu triode of the 
storage-battery type for use in re- 
sistance-coupled or impedance-coupled 
amplifier or detector circuits. 




CHARACTERISTICS 

Filament Voltage (D. G.) 5.0 Volts 

Filament Current 0.25 Ampere 

Plate Voltage* 135 180 Volts 

Grid Voltage -1.5 -3 Volts 

Plate Current 0.2 0.2 Milliampere 

Plate Resistance 150000 150000 Ohms 

Amplification Factor 30 30 

Transconductance 200 200 Micromhos 

Bulb ST- 14 

Base Medium 4-Pin Bayonet 

* Effective voltage at plate will be plate supply voltage minus voltage drop in load of 0.2f 
megohm caused by plate current; the effective value should not exceed 180 volts. 

This type is used principally for renewal purposes. 



-oOOOo- 



AVERAGE PLATE CHARACTERISTICS 













TYPE 4 
Ep=6.3 VO 
SCREEN VOLT 
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11 



RCA-41 



POWER-AMPLIFIER 
PENTODE 

The 41 is a power-amplifier pen- 
tode of the heater-cathode type for 
use in the audio-output stage of 
radio receivers with 6.3-volt heater 
supply. The tube is capable of giving 




a large power output with a relatively small input-signal voltage. 



CHARACTERISTICS 



Heater Voltage (A. C. or D 


C.).. 






6.3 


Volts 










0.4 


Ampere 




100 


135 


180 


250 max. 


Volts 


Screen Voltage 


100 


135 


180 


250 max. 


Volts 


Grid Voltage 


-7 


-10 


-13.5 


-18 


Volts 


Plate Current 


9.0 


12.5 


18.5 


32 


Milliamperes 


Screen Current 


1.6 


2.2 


3.0 


5.5 


Milli amperes 


Plate Resistance (Approx.). 


103500 


94000 


81000 


68000 


Ohms 


Amplif. Factor (Approx.).. 


150 


150 


150 


150 




Transconductance 


1450 


1600 


1850 


2200 


Micromhos 




12000 


10400 


9000 


7600 


Ohms 


Self-Bias Resistor 


660 


680 


630 


480 


Ohms 


Power Output* 


0.33 


0.75 


1.5 


3.4 


Watts 












ST- 12 













•10% total harmonic distortion. 



INSTALLATION AND APPLICATION 

The base pins of the 41 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION on type 6A8. 

For the power amplifier stage of receivers, the 41 may be used either singly 
or in push-pull combination. More than one audio stage preceding the 41 is 
undesirable because of the possibility of microphonic disturbances resulting from 
the high level of amplification. 

If a single 41 is operated self-biased, the self-bias resistor should be shunted 
by a suitable filter network to avoid degenerative effects at low audio frequencies. 
The use of two 41's in push-pull eliminates the necessity for shunting the resistor. 
The self-bias resistor required for two 41's in the same stage is one-half that for a 
single stage. 

Any conventional type of input coupling may be used provided the resistance 
added to the grid circuit by this device is not too high. Transformer or impedance 
coupling devices are recommended. If, however, resistance coupling is employed, 
the grid resistor should not exceed one megohm with self-bias, provided the heater 
voltage does not rise more than 10% above the rated value under any condition of 
operation. When self-bias is not used, the value should be limited to 100000 ohms. 

An output transformer should be used to supply power to the winding of the 
reproducing unit. The optimum value of load resistance for a single tube is given 
under CHARACTERISTICS. For push-pull operation, the plate-to-plate load 
resistance should be twice that for a single tube. For best results, the impedance 
in the plate circuit of the 41 should be as uniform as possible over the entire 
audio-frequency range. 

A family of plate characteristic curves is given on the preceding page. 



-h i: Vi 6 "max.» 
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RCA-42 

POWER-AMPLIFIER 
PENTODE 




The 42 is a heater-cathode type of 
power-amplifier pentode for use in the 
audio-output stage of receivers. It is 
capable of giving large power output 
with a relatively small input-signal 
voltage. Because of the heater-cathode construction, a uniformly low hum-level is 
attainable in power amplifier design. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater. Current 0.7 Ampere 

Bulb ST- 14 

Base Medium 6-Pin 



As Single-Tube Class A\ Amplifier 

Pentode Connection Triode Connection 
Screen tied 
to plate 

Plate Voltage 250 315 max. 250° Volts 

Screen Voltage (Grid No. 2) 250 315 max. — Volts 

Grid Voltage (Grid No. 1) -16.5 -22 -20 Volts 

Plate Current 34 42 31 Milliamperes 

Screen Current 6.5 8 — Milliamperes 

Plate Resistance (Approx.) 80000 100000 2700 Ohms 

Amplification Factor (Approx.)... 190 260 6.2 

Transconductance 23 50 2600 2300 Micromhos 

Load Resistance 7000 7000 3000 Ohms 

Total Harmonic Distortion 7 7 5 Per cent 

Power Output 3 5 0.65 Watts 

Under the above maximum voltage conditions, transformer or impe dan ce input-coupling devices are 
recommended. If resistance coupling is used, refer to last paragraph of APPLICATION under type 6F6. 
° Maximum plate volts = 315. 

As Push-Pull Class AB2 Amplifier — Pentode Connection 
Values are for two tubes. 

Fixed Bias Self -Bias 

Plate Voltage 375 max. 375 max. Volts 

Screen Voltage (Grid No. 2) 250 max. 250 max. Volts 

Grid Voltage (Grid No. 1) -26 min. — Volts 

Self-Bias Resistor — 340 min. Ohms 

Zero-Signal Plate Current 34 54 Milliamperes 

Zero-Signal Screen Current 5 8 Milliamperes 

Load Resistance (Plate-to-plate) 10000 10000 Ohms 

Total Harmonic Distortion 5 5 Per Cent 

Power Output 19* 19$ Watts 

* With one triode-connected 42 as driver operated at plate volts of 250, grid volts of -20, and 
with ■ minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one-half 
secondary, is 3.32. The plate, screen and grid supply have negligible resistance. 

X With one triode-connected 42 as driver operated at plate volts of 250, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one-half 
secondary, is 2.5. The plate and screen supply have negligible resistance. The value given for the 
•elf-bias resistor is determined lor a minimum grid bias of -21 volts. 

Under the above maximum voltage conditions, transformer or impedance input-coupling devices 
must be used. 
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At Push-Pull Class AB2 Amplifier — Triode Connection 
Screen Tied to Plate 

Values are for two tubes. 

Fixed Bias Self -Bias 

Plate Voltage 350 max. 350 max. Volts 

Grid Voltage -38 min. — Volts 

SelF'Bias Resistor — 730 min. Ohms 

ZerO'Signal Plate Current 45 50 Milliamperes 

Load Resistance (Plate-to-plate) 6000 10000 Ohms 

Total Harmonic Distortion 7 7 Per cent 

Power Output 18f 14** Watts 

t With one triode-connected 42 as driver operated at plate volts of 250, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one-hall 
secondary, is 1.67. The plate and grid supply have negligible resistance. 

•* With one triode-connected 42 as driver operated at plate volts of 2 50, grid volts of -20, and 
with a minimum plate load of approximately 10000 ohms: input transformer ratio, primary to one-half 
secondary, is 1.29. The plate supply has negligible resistance. The value given for the self'bias 
resistor is determined for a minimum grid bias of -36.5 volts. 

Under the above maximum voltage conditions, transformer or impedance input-coupling device* 
must be used 



INSTALLATION AND APPLICATION 

The base pins of the 42 fit the standard six-contact socket which may be 
installed to hold the tube in any position. Sufficient ventilation should be provided 
to prevent overheating. 

The heater is designed to operate at 6.3 volts. In a series-heater circuit 
employing several 6.3-volt types and one or more 42's, the heaters of the 42's should 
be placed on the positive side. Furthermore, since most 6.3-Volt types have 
0.3-ampere heaters, a bleeder circuit across these heaters is required to take care 
of the additional 0.4-ampere heater current of the 42. Each 6.3-volt tube of the 
0.3-ampere type in the series circuit should, therefore, be shunted by a bleeder 
resistance of 16 ohms. 

The cathode should preferably be connected directly to a mid-tap on the 
heater winding or to a center-tapped resistor across the heater winding. If this 
practice is not followed, the potential difference between heater and cathode should 
be kept as low as possible. 

For application, refer to type 6F6. 

Additional curve data is given under type 2A5. 



AVERAGE PLATE CHARACTERISTICS 




PLATE /VOLTS MC-5SM 
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RCA-43 

POWER-AMPLIFIER 
PENTODE 

The 43 is a power-amplifier pen- 
tode of the heater'cathode type for 
use in the output stage of radio 
receivers, especially those of the "d'C 
power line" type and the "universal 
(a.cd.c.)" type. In such applications, the 43 is capable 

large audio power at the low plate and screen voltage available. A single 43 in the 
output stage operating with 100 volts on plate and screen can deliver nearly one 
watt of audio power, while two 43's in push-pull arrangement with the same voltages 
can supply approximately two watts. 





of handling relatively 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 25 Volts 

Heater Current 0.3 c , A, ?? ere 

Bulb ST' 14 . 

g ASE Medium 6-rin 

Other characteristic! of tbia type are the lame as for the type 25A6. 



INSTALLATION AND APPLICATION 

The base pins of the 43 fit the standard six-contact socket which may_ be 
installed to hold the tube either in a vertical or in a horisontal position. Sufficient 
ventilation should be provided to circulate air freely around the tube to prevent 
overheating. 

For heater operation and cathode connection, refer to type 25A6. 
For APPLICATION, refer to type 25A6. 

An additional family of plate characteristic curves which applies to type 4i 
is given under type 25A6. 
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RCA-45 



POWER AMPLIFIER 



The 45 is a power'amplifier triode 
of the filament type capable of 
supplying large undistorted output in 
a-c operated receivers. 




Filament Voltage (A, 

Filament Current 

Grid-Plate Capacitance . . . 
Grid-Filament Capacitance 
Plate-Filament Capacitance 

Bulb 

Base 



CHARACTERISTICS 

C or D. C.) 



2.5 
1.5 
7 
4 
3 



Volts 

Ampe:es 

fi/if 

uui 
ST- 14 
Medium 4-Pir; 



As Single-Tube Class Ai Amplifier 



Filament Voltage (A. C). 
Plate Voltage 



Plate Current 

Plate Resistance 

Amplification Factor 







2.5 


Volts 


180 


250 


275 max 


Volts 


-31.5 


-50 


-56 


Volts 


31 


34 


36 


Milliamperes 


1650 


1610 


1700 


Ohms 


3.5 


3.5 


3.5 




2125 


2175 


2050 


Micromhos 


2700 


3900 


4600 


Ohms 


1020 


1470 


1550 


Ohms 


0.825 


1.6 


2.0 


Watts 



• Grid voto measured from mid poirr ot a-c operated filament. Self-bias 
cases, required if grid d-c resistance (mai. vilue of 1.0 megohm) is used in grid 

As Push-Pull Class AB 2 Amplifier (Two Tubes) 

Values are for two tubes. 

Fixed Bias Self-Bias 

Filament Voltage (A. C.) 

Plate Voltage (Maximum) 

Grid Voltage 

Self-Bias Resistor 

Zero-Signal Plate Current 

Maximum-Signal Plate Current 



is advisable in ai! 
circuit. 



Total Harmonic Distortion. 
Power Output 



2.5 


2.5 


Volts 


275 


275 


Volts 


-68 




Volts 




775 


Ohms 


28 


72 


Milliamperes 


138 


90 


Milliamperes 


3200 


5060 


Ohms 


5 


5 


Per cent 


18 


12 


Watts 



INSTALLATION AND APPLICATION 

For installation refer to INSTA T LATION on type 2A3. 

As a power amplifier (Ou Ai), the 45 may be used either singly or in 
push-pull. Typical operating conditions are given under CHARACTERISTICS. 

In a push-pull Class AB2 stage, the 45 is operated under conditions such that 
a small amount of grid current flows during the most positive swing of the input 
signal and the second harmonic distortion is cancelled by virtue of the push-pull 
circuit. A driver stage, consisting of one 56 operated at 250 volts on the plate, 
will drive two 45's in push-pull (fixed-bias or self-bias) to the stated output values. 
A step-down interstage transformer of suitable design is required. 

A family of plate characteristic curves is given on page 143. 




DUAL-GRID POWER 
AMPLIFIER 

The 46 is a double-grid power- 
amplifier tube recommended especial- 
ly for service in Class B amplifier 
circuits of suitable design. 

CHARACTERISTICS 

Filament Voltage (A. C. or D. C.) 2. J Y" 1 * 

Filament Current 

Medium y ' Pin 

As Class B Amplifier 
(Grid No. 1 and No. 2 connected together at socket) 

Pi atf Voltage 400 max - Vo,ts 

Sa^P^ATE CURRENT-. : : 200 ««. MUiamperes 

Average Plate Dissipation lunwx. watts 

Typical Operation (2 tubes) 

Values are for two tubes. 

Plate Voltage 300 400 Vote. 

Grid Voltage 0 0 Volts 

Zero-Signal Plate Current 8 12 Milhamperes 

Effective Load Resistance (Plate-to-plate) . . 5200 5800 Ohms 

Power Output (Approximate) 16* 20f Watts 

• With average power input of 950 milliwatts applied between grids, 
t With average power input of 650 milliwatts applied between grids. 

As Class Ai Amplifier 

(Grid No. 2 connected to plate at socket) 

Plate Voltage 25 ° *«• Vote. 

Grid Voltage X?^ 

Plate Current « Milhamperes 

Plate Resistance 2380 Ohms 

Amplification Factor ... , 

Transconductance M*0 Kfccromhos 

Load Resistance (For max. undistorted power )tt- • • ° 400 tiT 8 

Undistorted Power Output 1-25 Watts 

tt Approximately twice this value is recommended for load of this tube as driver for Class B stage 

INSTALLATION 

The base pins of the 46 fit the standard five-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position. For 
horizontal operation, the socket should be positioned with the filament-pin opening, 
one vertically above the other. Sufficient ventilation should be provided around the 
tube to prevent overheating. 

The filament is designed to operate at 2.5 volts. The transformer winding 
supplying the filament circuit should operate the filament at this recommended value 
for full-load operating conditions at average line voltage. The filament wiring 
should insofar as possible, be isolated from the input circuit of the driver stage in 
order to avoid the possibility of hum caused by electrostatic induction from this 
wiring. 

The grid- and the plate-return lead for the Class B stage should be connected 
to the mid-tap of the filament winding or to the center-tap of a 20-ohm resistor 
across the winding. The grid- and plate-return for the driver stage should be made 



RCA RECEIVING TUBE MANUAL 



to a variable center-tapped resistor across the filament supply for minimum hum 
adjustment. The use of a push-pull driver stage with either equi-potential or 
filament-type tubes will reduce hum resulting from the filament supply, but is 
required only in special applications. 

APPLICATION 

In Class B audio power-amplifier service, the 46 is recommended because the 
two grids in the tube are connected together and, thus, the signal voltage is applied 
to both simultaneously. Consideration of general Class B amplifier design features 
is given on page 20. 

For Class Ai operation of the 46, the grid adjacent to the plate is connected 
to the plate. The intended application of the 46 as a Class A amplifier is for driving 
two 46's in a Class B amplifier circuit. The tube has been constructed for this dual 
service in order to reduce the number of tube types necessary in a receiver. The 
tabulated values for Class A operation of this type, as given under CHARACTER- 
ISTICS, are for its operation as a power output tube. 

AVERAGE PLATE CHARACTERISTICS 



CLASS B OPERATION 




PLATE VOLTS 92C-+I70 
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RCA-47 

POWER-AMPLIFIER 
PENTODE 

The 47 is a power-amplifier pen- 
tode for use in the audio output stage 
of a-c receivers. In comparison with 
three-electrode Class A power ampli- 
fiers of the same plate dissipation, the 
47 is capable of greater output with the additional feature of higher amplification. 




CHARACTERISTICS 

Filament Voltage (A. C. or D. C.) 

Filament Current 

Plate Voltage 

Screen Voltage 

Grid Voltage* 

Plate Current 

Screen Current 

Plate Resistance 

Amplification Factor 

Transconductance 

Load Resistance 

Self-Bias Resistor 

POWER Output (6% total harmonic distortion) 

Grid-Plate Capacitance 

Input Capacitance 

Output Capacitance 

Bulb 

Base 

* If filament is operated on d-c, grid bias should be -15.3 volts. 



2.5 


Volts 


1.75 


Amperes 


250 


max. Volts 


250 


max. Volts 


-16.5 


Volts 


31 


Milliamperes 


6 


Milliamperes 


60000 


Ohms 


150 




2500 


Micromhos 


7000 


Ohms 


450 


Ohms 


2.7 


Watts 


1.2 


w»f 


8.6 


w»f 


13.0 


p/if 




ST-16 




Medium 5-Pin 



INSTALLATION AND APPLICATION 

The base pins of the 47 fit the standard five-contact socket which should be 
installed preferably to hold the tube in a vertical position. If it is necessary to place 
the tube in a horizontal position, the socket should be mounted with its filament:pin 
openings one vertically above the other. Sufficient ventilation should be provided 
around the tube to prevent overheating. 

For the power amplifier stage of radio receivers, the 47 is recommended either 
singly or in push-pull combination. More than one audio stage preceding the 47 
is undesirable because of the possibility of microphonic disturbances resulting from 
the high level of amplification. 

Any conventional type of input coupling may be used, provided the resistance 
added to the grid circuit by this device is not too high. Transformer or impedance- 
coupling devices are preferable. If resistance coupling is used, the d-c resistance in 
the grid circuit should not exceed 0.5 megohm with self-bias, or 50000 ohms with 
fixed bias. 

The blue gjow which frequently appears on the inner surface of the 47 bulb 
is due to fluorescence caused by stray electrons from the filament which strike the 
interior of the getter-coated bulb. This fluorescence is a natural effect and is in no 
manner an indication of the performance of the tube. 

A family of plate characteristic curves is given at the bottom of page 138. 
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RCA-48 

POWER-AMPLIFIER 
TETRODE 

The 48 is a power-amplifier tetrode 
which has pentode characteristics 
when operated at the recommended 
screen and plate voltage. It is for 
use in the audio-output stage of 
receivers designed to operate from 115-volt d-c power lines. The 48 is exceptional 
in its ability to deliver power at the low plate and screen voltage obtainable in such 
service. 

The large power-delivering ability of the 48 is made practical by the unique 
features of its electrical and structural design. Among these are the big cathode 
with its large emitting surface, the control-grid structure with its heat radiator, and 
the plate with a rib structure fastened to its inner surface. The rib structure serves 
to suppress the effects of secondary emission which limit the power output of 
four-electrode screen grid types. 

CHARACTERISTICS 

Heater Voltage (D. C.) 30 Volts 

Heater Current 0.4 Ampere 

Bulb ST- 16 

Base Medium 6-Pin 



As Single-Tube Class A Amplifier 

TYiode Connection 
Tetrode Connection Screen tied to plate 

Plate Voltage 96 125 max. 80 12? max. 

Screen Voltage (Grid No. 2) 96 100 max. — — 

Grid Voltage (Grid No. 1). . -19 -20 -20 -32.5 

Plate Current 52 56 31 52 

Screen Current 9 9.5 — 

Plate Resistance Subject to consid- 760 671 

Amplification Factor erable variation. 2.5 2.5 

Transconductance 3800 3900 3300 3700 

Load Resistance 1500 1500 — 

Self-Bias Resistor 310 310 — — 

Power Output* 2 2.5 

* 9% total harmonic distortion. 



Volts 

Volts 
Volts 

Milliamperes 
Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watte 



As Puih-Pull Class A Amplifier 

Values are for two tubes 

Tetrode Triode Connection 
Connection Screen tied to plate 

Plate Voltage 125 max. M max. Volts 

Screen Voltage (Grid No. 2) 100 max. — Volte 

Grid Voltage (Grid No. 1) -20 -32.5 Volte 

Zero-Signal Plate Current 100 100 Milliamperes 

Load Resistance (Plate-to-Plate) 3000 1250 Ohms 

Total Harmonic Distortion 9 2 Percent 

Power Output 5 3 Watte 
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INSTALLATION AND APPLICATION 

The base pins of the 48 fit the standard six-contact socket which may be 
installed to hold the tube either in a vertical or in a horizontal position, for 
horizontal operation, the socket should be positioned with the plate-pin opening at 
the top and the cathode-pin opening at the bottom, or vice versa. Sufficient 
ventilation should be provided around the tube to prevent overheating. 

The heater of the 48 is designed to operate at approximately 30 volts d. c. 
Due to the heater-cathode design, the heater voltage may range between 26 and 34 
volts during line-voltage fluctuations without greatly affecting the performance or 
serviceability of the tube. 

In a series-heater circuit employing several 6. 3 -volt types and one or more 48's, 
the heaters of the 48's should be placed on the positive side of the line. Further- 
more, since the 6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these 
heaters is required to take care of the additional 0.1-ampere heater current of the 
48. Each 6.3-volt tube in the series circuit should, therefore, be shunted by a 
bleeder resistance of 63 ohms. 

The cathode circuit in d-c receivers is tied in either directly or through biasing 
resistors to the negative side of the heater circuit. The potential difference thus 
introduced between heater and cathode of the 48 should not exceed 90 volts, ae 
measured between the negative heater terminal and the cathode. 

As a Single Class A power-amplifier tetrode the 48 should be operated aa 
shown under CHARACTERISTICS. 

Any conventional type of input coupling may be used, provided the resistance 
added to the grid circuit by this device is not too high. Transformer or impedance- 
coupling devices are preferable. In any case, the d-c resistance in the grid circuit 
should not exceed 10000 ohms. 



AVERAGE PLATE CHARACTERISTICS 




^0 120 140 160 180 200 220 2*0 
PLATE VOLTS 



92C-4226R1 
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^""^ RCA-49 

DUAL-GRID POWER 
AMPLIFIER 

The 49 is a double-grid power- 
amplifier tube designed for use in 
battery-operated receivers employing 
2-volt tubes. In such service, it may 
be used either as a Class B output 
tube or, by a change in socket connections, as a Class A driver tube. 





CHARACTERISTICS 

Filament Voltage (D. C.) 2.0 Volts 

Filament Current 0.12 Ampere 

Bulb , ST ' 14 T1 . 

Base Medium 5-Pin 



As Class B Power Amplifier 

(Grids No. 1 and No. 2 connected together at socket) 

Plate Voltage 18° max - 

Peak Plate Current 50 max. 

Typical Operation (2 tubes) 

Values are for two tubes. 

Plate Voltage 135 180 

Grid Voltage 0 0 

Zero-Signal Plate Current 2.6 4 

Effective Load Resistance (Plate-to-plate) . . 8000 12000 

Power Output Approximate 2.3 3.5 



Volts 

Milliamperes 



Volts 
Volts 

Milliamperes 

Ohms 

Watts 



As Driver — Class Ai Amplifier 

(Grid No. 2 connected to plate at socket) 

Plate Voltage 13' »»**■ Volts 

Grid Voltage -20 Volts 

Plate Current 6.0 Milliamperes 

Plate Resistance 4175 Ohms 

Amplification Factor 4.7 

Transconductance 1125 Micromhos 

Load Resistance 11000* Ohms 

Power Output (Approximate) 0.170 Watt 

* Approximately twice this value is recommended for load of this tube as driver for Class B stafse. 



INSTALLATION AND APPLICATION 

The base pins of the 49 fit the standard five-contact socket which should be 
installed to hold the tube in a vertical position. In some cases, cushioning of the 
socket may be found desirable. For filament operation, refer to INSTALLATION 
on type 1A6. Refer to APPLICATION for type 46. Plate characteristics curvei 
are given on the following page. 
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RCA-50 



POWER AMPLIFIER 

The 50 is a power'amplifier tube 
designed for use primarily in the 
output stage of an audio-frequency 
amplifier employing transformer coup' 
ling. It is capable of delivering 
large undistorted power. 




CHARACTERISTICS 



Filament Voltage (A. C. or D. C.) . 

Filament Current 

Plate Voltage 

Grid Voltage* 

Plate Current 

Plate Resistance 

Amplification Factor 



Undistorted Power Output.., 

Bulb 

Base 

• Measured from mid'point of a*c operated filament 



350 


400 


-63 


-70 


45 


55 


1900 


1800 


3.8 


3.8 


2000 


2100 


4100 


3670 


1400 


1275 


2.4 


3.4 



7.5 
1.25 

450 max. 

-84 
55 
1800 

3.8 
2100 
4350 
1530 

4.6 

. . . Medium 



Volts 
Amperes 
Volts 
Volts 

Milliamperes 
Ohms 

Micromho8 
Ohms 
Ohms 
Watts 
ST- 19 

4-Pin Bayonet 



INSTALLATION AND APPLICATION 

Refer to INSTALLATION and APPLICATION on type 10. Any conven- 
tional type of input coupling may be used provided the resistance added to the grid 
circuit by this device does not exceed 10000 ohms. 
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RCA-53 

CLASS B TWIN 
AMPLIFIER 

F 

The 53 is a heater-cathode type 
of tube combining in one bulb two 
high-mu triodes designed for Class B 
operation. It is intended primarily 
for use in the output stage of a-c 
operated radio receivers. The triode units have separate external terminals for all 
electrodes except the cathodes and heaters, so that circuit design is similar to that 
of Class B amplifiers utilizing individual tubes in the output stage. The 53 may 
be used as a Class Ai amplifier (with triode units connected in parallel) to drive 
a 53 as a Class B amplifier in the output stage. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2.5 Volts 

Heater Current 2.0 Amperes 

Bulb ST-14 

Base Medium 7 -Pin 

Other characteristics of this type are the same as for type 6N7. 



INSTALLATION 

The base pins of the 53 fit the seven-contact (0.855 inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Sufficient ventilation 
should be provided to circulate air freely around the tube to prevent overheating. 

For heater operation and cathode connection, refer to type 2A5. 



APPLICATION 

For APPLICATION refer to type 6N7. Additional curves are shown under 
types 6A6 and 6N7. 
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RCA-55 



DUPLEX-DIODE TRIODE 

The 55 is an a-c heater type of 
tube consisting of two diodes and a 
triode in a single bulb. It is recom- 
mended for service as a combined 
detector, amplifier and automatic- 
volume-control tube. 



P02 POi 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 2.5 Volts 

Heater Current 1.0 Ampere 

Bulb ST- 12 

Gap Small Metal 

Base Small 6-Pin 



Other characteristics of this type are the same as for type 85. 



Diode Units 

Two diode plates are placed around a cathode, the sleeve of which is common 
to the triode unit. Each diode plate has its own base pin. Operation curves for 
the diode units are given under type 6B7. 



INSTALLATION AND APPLICATION 

The base pins of the 55 fit the standard six-contact socket, which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION under type 2A5. Complete shielding of 
detector circuits employing the 55 is generally necessary to prevent r-f or i-f 
coupling between the diode circuits and the circuits of other stages. 

For APPLICATION, refer to type 85, and to the chart of the Resistance- 
Coupled Amplifier Section. Circuits using the 55 are given under type 85. 
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RCA-56 

SUPER-TRIODE AMPLIFIER 
DETECTOR 




The 56 is a three-electrode tube of 
the heater-cathode type recommended 
for use as detector, amplifier, or oscil- " 
lator in a-c receivers designed for it. 
This tube is characterized by its high 
mutual conductance, and its comparatively high amplification factor. The 56 i» 
useful in resistance-coupled audio-frequency amplifiers. 



CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2.5 Volts 

Heater Current 1.0 Ampere 

Plate Voltage 100 250 max. Volts 

Grid Voltage* -5 -13.5 Volts 

Plate Current 2.5 5 Milliamperes 

Plate Resistance 12000 9500 Ohms 

Amplification Factor 13.8 13.8 

TransconduCtance 1150 1450 Micromhos 

Grid-Plate Capacitance 3.2 npi 

Grid-Cathode Capacitance 3.2 /x/tf 

Plate-Cathode Capacitance 2.2 npi 

Bulb ST-12 

Base Small 5-Pin 

* It a grid-coupling resistor is used, its maximum val le should not exceed 1.0 megohm. 

INSTALLATION 

The base pins of the 56 fit the standard five-contact socket which may be 
installed to hold the tube in any position. 

The bulb of this tube will become very hot under certain conditions of 
operation. Sufficient ventilation should be provided to pi event overheating. 

The heater is designed to operate at 2.5 volts. The transformer winding 
supplying the heater circuit should be designed to operate the heater at thif 
recommended value for full-load operating conditions at average line voltage. 

The cathode should preferably be connected directly to a mid-tap on the 
heater winding or to a center-tapped resistor across the heater winding. If this 
practice is not followed, the potential difference should be kept as low as possible. 

APPLICATION 

As an amplifier, the 56 is applicable either to radio-frequency or audio- 
frequency circuits. Recommended operating conditions for service using transformei 
coupling are given under CHARACTERISTICS. For operation as a resistance- 
coupled amplifier, refer to the Resistance-Coupled Amplifier Section. 

As a detector, the 56 may be of the grid leak and condenser or grid-bias type. 
The plate voltage for the grid leak and condenser method should be about 45 volts 
A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 p{ is 
satisfactory. For the grid-bias method of detection, a plate-supply voltage of 250 
volts may be used together with a negative grid-bias voltage of approximately 20 
volts. The plate current should be adjusted to 0.2 milliampere, with no input signal 
voltage. The grid-bias voltage may be supplied from the voltage drop in a resistor 
between cathode and ground. The value of this self-bias resistor is not critical, 
30000 to 150000 ohms being suitable. The higher value will permit the application 
of a larger input signal. 

A plate family for this type is given under type 76. 
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RCA-57 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 57 is a triple-grid tube rec- 
ommended especially for service as a 
biased detector in a-c receivers de- 
signed for its characteristics. The 57 
is constructed with an internal shield 
connected to the cathode within the 
tube. 




CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) 2.5 Volts 

Heater Current 1.0 Ampere 

Grid-Plate Capacitance (With shield-can) 0.007 max. p/if 

Input Capacitance 5.0 /i/tf 

Output Capacitance 6.5 

Bulb ST- 12 

Cap Small Metal 

Base Small 6-Pin 



Other characteristics of this type are the game as for type 6J7. 



INSTALLATION AND APPLICATION 

The base pins of the 57 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 2A5. 

For screen voltage and shielding requirements, see INSTALLATION on 
type 6C6. 

Refer to APPLICATION on type 6J7. The curve shown under 6J7 also 
applies to the 57. 
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characteristics, 
cathode within the tube 



RCA-58 

TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 58 is a triple-grid super- 
control amplifier tube recommended 
especially for service in the radio- 
frequency and intermediate-frequency 
stages of a-c receivers designed for its 
The 58 is constructed with an internal shield connected to the 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 2-5 Y olts 

Heater Current 1-0 Ampere 

Grid-Plate Capacitance 0.007 max. mil 

Input Capacitance 4.7 W» 

Output Capacitance 6.3 jtfi f 

Bulb ^ 

q ap Small Metal 

Base '. '. '. ... '. Sma11 6 ' Pin 

Other characteristics of this type are the same as for type 6D6. The curve shown under 
the 6D6 also applies to the 58. 

INSTALLATION AND APPLICATION 

The base pins of the 58 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION for type 2A5. 

For control-grid bias variation, screen voltage, and suppressor connection, refer 
to INSTALLATION on type 6K7. Shielding requirements are similar to those 
for type 6C6. Refer to APPLICATION on type 6K7. 
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RCA-59 

TRIPLE-GRID POWER 
AMPLIFIER 

The 59 is a triple-grid power- 
amplifier tube of the heater-cathode 
type for use in the output stage of 
a-c operated receivers. The triple- 
grid construction of this tube, with 
external connections for each grid, makes possible its application as (1) a Glass A 
Power- Amplifier Triode, (2) a Class A Power-Output Pentode, and (3) a Class B 
Power-Output Triode. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) H Y° ltS 

Heater Current 2.0 S £?f 

1%! Medium w» 



As Class A] Power Amplifier 



Plate Voltage 

Screen Voltage (Grid No. 2). 

Grid Voltage (Grid No. 1) 

Plate Current 

Screen Current 

Amplification Factor 

Plate Resistance 

Transconductance 

Load Resistance 



Triode" 


Pentode °° 




250 max. 250 max. 


Volts 




250 max. 


Volts 


-28 


-18 


Volts 


26 


35 


Milliamperes 




9 


Milliampere8 


6 


100 




2300 


40000 


Ohms 


2600 


2500 


Micromhos 


5000* 


6000 


Ohms 


1080 


410 


Ohms 


1.25 


3t 


Watts 



As Class B Power Amplifier — Triode Connection 

(Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate) 

Plate Voltage ^00 max. 

Peak Plate Current 200 max. 

Average Plate Dissipation • ■ • • • • • l" max. 

Average Grid Dissipation (Grids No. 1 and No. 2) 1.5 max. 
Typical Operation (2 tubes) 

Values are for two tubes. 

Plate Voltage 300 400 

Grid Voltage ° ° 

Zero-Signal Plate Current 20 26 

Effective Load Resistance (Plate-to-plate).. 4600 6000 

Power Output, Approximate 15 20 

• Grids No. 2 and No. 3 tied to plate; grid No. 1 is control grid. 

Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen. 

• Optimum for maximum undistorted power output of 1.25 watts. Approximately 
is recommended for load of this type as driver for Class B stage. 

t 7% total harmonic distortion. 



Volts 

Milliamperes 

Watts 

Watts 



Volts 
Volts 

Milliamperes 

Ohms 

Watts 



twice this value 
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RCA RECEIVING TUBE MANUAL 



INSTALLATION 

The base pins of the 59 fit the seven-contact (0.855-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. 

The bulb of this tube may become very hot under certain conditions of 
operation. Sufficient ventilation, therefore, should be provided to prevent over- 
heating. 

For heater operation and cathode connection, refer to INSTALLATION for 
type 2A5. 

APPLICATION 

For Class Ai Triode Operation of the 59, the two grids (No. 2 and No. 3) 
immediately adjacent to the plate are connected to the plate, while the third (No. 1) 
is employed for control purposes. Operation of the tube is then similar to any 
Class A power-amplifier triode. The tabulated values for Class A operation of this 
type as given under CHARACTERISTICS, are for its operation as a power-output 
tube. When it is used as the driver for a Class B stage, the load requirements are 
changed, as indicated in the note under CHARACTERISTICS. This change is 
recommended in order to minimize distortion due to the driver stage. 

The d-c resistance in the grid circuit of the 59, operating as a Class A amplifier 
(either with triode or pentode connection) should not exceed 0.5 megohm if self-bias 
is used. Without self-bias, the resistance should not exceed 10000 ohms. The use 
of resistances higher than these may cause the tube to lose bias due to grid current, 
with the result that the plate current will rise to a value sufficiently high to damage 
the tube. 

For Class Ai Pentode Operation of the 59, the grid (No. 3) adjacent to the 
plate is tied to the cathode and thus serves as the suppressor, while the other two 
grids (No. 2 and No. 1) serve as the screen grid and control grid respectively. 
Operation of the tube is then similar to any Class A power-output pentode. 

For either method of Class A operation, the self-bias resistor should be shunted 
by a suitable filter network to avoid degenerative effects at low audio frequencies. 
The use of the two 59's in push-pull eliminates the necessity for shunting the 
resistor. The value of the self-bias resistor required for two tubes in the same stage 
is approximately one-half that for a single tube. 

For Class B Triode Operation of the 59, the grid (No. 3) adjacent to the 
plate is tied to the plate, while the other grids (No. 1 and No. 2) are connected 
together to serve as a single control-grid. No grid bias is necessary with this 
connection. This feature is particularly important because it prevents the variation 
of bias with applied signal which would otherwise exist if any self-bias arrangement 
were employed. A discussion of Class B design features is given on page 20. 



AVERAGE PLATE CHARACTERISTICS 




RCA RECEIVING TUBE MANUAL 



AVERAGE PLATE CHARACTERISTICS 
CLASS A OPERATION- PENTODE CONNECTION 




240 320 
PLATE VOLTS (E b ) 



OPERATION CHARACTERISTICS 
CLASS B OPERATION 



1 1 

TYPE 59 
Ef = 2.5 VOLTS 



4BO 560 
92C-5I93 



JL 



nput-class a- one type 59 

plate volts=250 grid volts =-2b 
output -class b-two type 59 

plate volts =400 grid volts =o 

input transformer- voltage ratio £?sec. =3 
output load. plate to plate = 6 000 ohms 

TYPE 59, 




DRIVER SIGNAL VOLTS (RMS) Q 



«C— • 5I«4RI 



AVERAGE PLATE CHARACTERISTICS 




TYPE 78 TYPE 6K7 
E-f =6.3 VOLTS 
SCREEN VOL7S=t00 
SUPPRESSOR VOLTS=0 



' 355" 

PLATE VOLTS 



•ZK ' 560 

«C-5249 
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RCA-7I-A 



POWER AMPLIFIER 

The 71-A is a power-amplifier tube 
of low-output impedance for use in 
the output stage of audio-frequency 
amplifiers. 




CHARACTERISTICS 



Filament Voltage (A. G. or D. C.) 

Filament Current 

Plate Voltage 90 

Grid Voltage* -16.1 

Plate Current 10 

Plate Resistance 2170 

Amplification Factor 3 

Transconductance 1400 

Load Resistance 3000 

Self-Bias Resistor 1600 

Undistorted Power Output 0.125 

Grid-Plate Capacitance 

Grid-Filament Capacitance 

Plate-Filament Capacitance 

Bulb 



135 
-27 
17.3 
1820 
3 

1650 
3000 
1700 
0.4 



5.0 
0.25 

180 max. 
-40.5 
20 
1750 
3 

1700 
4800 
2150 
0.79 

7.5 

3.2 

2.9 



Volts 
Ampere 
Volts 
Volts 

Milliamperes 
Ohms 

Micromhos 
Ohms 
Ohms 
Watt 

M*f 
Wif 

ST- 14 

Base Medium 4-Pin Bayonet 

For operation on a-c filament supply, increase grid-bias voltage 2.5 volts. The d-c resistance 
in the grid circuit should not exceed 0.5 megohm. 

INSTALLATION AND APPLICATION 

The base pins of this tube fit the standard four-contact socket which should 
be installed to hold the tube in a vertical position. 

The coated filament of the 71-A may be operated from a storage battery or 
from the a-c line through a step-down transformer. For operation of this tube from 
a storage battery, a fixed or variable resistor of suitable value is required to reduce 
the battery voltage to 5.0 volts across the filament terminals at the socket. 

Operating conditions are given under CHARACTERISTICS for the use of 
this tube in the power output stage. 

An output device should be used to transfer power to the winding of the 
reproducing unit. 



AVERAGE PLATE CHARACTERISTCS 




92C-504R2 
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RCA-75 



P02 



.1 



DUPLEX- DIODE 
HIGH-MU TRIODE 



LEW 




The 75 is a heater type of tube 
consisting of two diodes and a high- h m 

mu triode in a single bulb. It is for 
use as a combined detector, amplifier, 

and automatic-volume-control tube in 

a-c receivers designed for its characteristics. For diode-detector considerations, reter 
to page 26. 

CHARACTERISTICS 



Heater Voltage (A. C. or D. C.) . . . 

Heater Current 

Grtd-Triode-Plate Capacitance 

Grid-Cathode Capacitance 

Triode Plate-Cathode Capacitance. 

Bulb 

Cap 

Base 



6.3 


Volts 


O.J 


Ampere 


1.7 


lipi 


1.7 


fifif 


3.8 


ppi 




ST- 12 




Small Metal 




Small 6-Pin 



Triode Unit— As Class Ai Amplifier 

Plate Voltage 2 ™ max - 

Grid Voltage * 

Amplification Factor oinnn 

Plate Resistance i?nn 

Transconductance 1100 



Plate Current 



0.8 



Volts 
Volts 

Ohms 

Micromhos 

Milliampere 



Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is 
common to the triode unit. Each diode plate has its own base pin. Operation 
curves for the diode units are given under type 6B7. 

INSTALLATION 

The base pins of the 75 fit the standard six-contact socket which may be 
installed to hold the tube in any position. 

Heater operation and cathode connection are the same as for the type 6A8. 



APPLICATION 

The 75 in many respects is similar in application to the 6Q7. The outstanding 
difference, however, is that the 75 has a hign-mu triode. For this reason, the tube 
t recommended for use only in resistance-coupled arcuits. F^hermore diode- 
biasing of the triode unit is not suitable because of the probabihty of tr ode 
plate-current cut-off, even with relatively small signal voltages applied to the diode 
circuit. , , 

As an amplifier in resistance-coupled a-f circuits, the 75 may be operated under 
the conditio^ give" » ** Resistance-Coupled Amplifier Section A family ° 
average plate characteristic curves applicable to this type will be found under 
type 2A6. 
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RCA-76 

SUPER-TRIODE AMPLIFIER 
DETECTOR 

The 76 is a three-electrode tube of 
the heater-cathode type recommended 
for use as detector, amplifier, or oscil- 
lator with either a-c or d-c heater 
supply. This tube is characterized by 
its high mutual conductance and its comparatively high amplication factor. The 76 
is useful in resistance-coupled audio-frequency amplifiers. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.3 Ampere 

Plate Voltage 100 250 max. Volts 

Grid Voltage* -5 -13.5 Volts 

Plate Current 2.5 5 Milliamperet 

Plate Resistance 12000 9500 Ohms 

Amplification Factor 13.8 13.8 

Transconductance 1150 1450 Micromhos 

Grid-Plate Capacitance 2.8 p/d 

Grid-Cathode Capacitance 3.5 /t/if 

Plate -Cathode Capacitance 2.5 /i/if 

Bulb ST- 12 

Base Small 5-Pin 

* If a grid-coupling resistor is used, its maximum value should not exceed 1.0 megohm. 

INSTALLATION AND APPLICATION 

The base pins of the 76 fit the standard five-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathoda 
connection, refer to INSTALLATION for type 6A8. Refer to APPLICATION 
for the type 56. 



AVERAGE PLATE CHARACTERISTICS 




400 
VOLTS 



92C-4I75R? 
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RCA-77 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 77 is a triple-grid tube rec- 
ommended especially for service as a 
biased detector in radio receivers de- 
signed for its characteristics. In such 
service, this tube is capable of deliv- 
ering a large audio-frequency output voltage with relatively small input voltage. 
Other applications of the 77 include its use as a low-signal-input screen-grid amplifier 
tube and as an automatic-volume-control tube. 





CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.5 Ampere 

Plate Voltage 100 250 max. Volts 

Screen Voltage (Grid No. 2) 60 100 max. Volts 

Grid Voltage* (Grid No. 1) -1.5 -3 Volts 

Suppressor (Grid No. 3) Connected to cathode at socket 

Plate Current 1.7 2.3 Milliamperes 

Screen Current 0.4 0.5 Milliampere 

Plate Resistance (Approximate) 0.65 1.5 Megohms 

Amplification Factor 715 1500 

Transconductance 1100 1250 Micromhos 

Grid Voltage (Approiimate)t -5.* -7.5 Volts 

Grid-Plate Capacitance (With shield-can) 0.007 max. ft/if 

Input Capacitance 4.7 fi/if 

Output Capacitance 11.0 npi 

Bulb ST- 12 

Cap Small Metal 

Base Small 6-Pin 

* The d-c resistance in the grid circuit should not exceed 1.0 megohm, 
t For cathode current cut-off. 



INSTALLATION 

The base pins of the 77 fit the standard six-contact socket which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION under type 6A7. Shielding and screen 
voltage requirements are similar to those for the type 6C6. 



APPLICATION 

As a radio-frequency amplifier pentode, the 77 may be used particularly in 
applications where the r-f signal applied to the grid is relatively low, that is, of the 
order of a few volts. In such cases either screen or control grid voltage (or both) 
may be varied to control the receiver volume. When larger signals are involved, a 
super-control amplifier tube should be employed to prevent the occurrence of 
excessive cross-modulation and modulation-distortion. Recommended operating 
conditions for amplifier service are given under CHARACTERISTICS. 
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RCA RECEIVING TUBE MANUAL 



As a biased detector, the 77 is particularly recommended because of its ability 
to deliver a large audiofrequency output voltage of good quality with a fairly small 
radio-frequency signal input. Recommended conditions for the 77 as a biased 
detector are as follows: 

P^JJ SUPPLY* •■ 100 250 250 Veto 

GRID VOLTAGE _2 -2 -4 3 Vote 

%£88£&F !SaTOR 1"°° 3°°° 1°°°'° Ohm. 

^^Sj^-Vifc-*-)-:::::::::::::::::::::: o^rtS -ft! at 
IoS^^bk^::::::::::::::::::::::::::::::: 831 III MS T ohm 

R-F SIGNAL <RMS)« 1.88 1.18 1.37 Volt. 

• Voltage at plate will be PLATE SUPPLY voltage minus voltage drop in plate re»i«tor earned 
by plate current. 

t For the following amplifier tube. 
••With theae signal voltages modulated 20%, the voltage output for the 100-volt plate supply is 
14 peat volts at the grid of the following amplifier, a value sufficient to insure full audio output from 
a type 43; likewise for the 250-volt conditions, 17 peat volts, a value sufficient to insure full audio 
ouput from a type 2A5. 

Detector bias may be obtained from a bleeder circuit, from a resistor in the 
cathode circuit, or from a partial self-bias circuit. The cathode-resistor method 
permits of higher output at lower percentage modulation since the input signal may 
be increased almost in inverse proportion to the modulation without resulting in 
objectionable distortion. 

As an audio-frequency amplifier pentode in resistance-coupled circuits, the 77 
may be operated as shown in the Resistance-Coupled Amplifier Section. 

As an audio-frequency amplifier triode, the 77 should have its screen and 
suppressor connected to the plate. Operating conditions for triode service in 
transformer- or impedance-coupled circuits are: Plate voltage, 250 volts; grid voltage, 
-8 volts; and plate current, 8 milUamperes, approximate. If resistance coupling is 
used, a plate-supply voltage of 250 volts may be applied through a plate-coupling 
resistor of 0.1 to 0.25 megohm. 

As a mixer in superheterodyne circuits, the 77 can be employed, but a tube 
having super-control characteristics is to be preferred, especially if signals of large 
magnitude are to be received, and if supplementary volume control is to be obtained 
in this stage. 



AVERAGE PLATE CHARACTERISTICS 



TYPE 77 
E-f = 6.3 VOLTS 
SCREEN V0LT5 = !0C 
.*u ip Parana vm t<, = o 












rtlNTBO 


.-GRID 


VOLTS 


Eci = ° 
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RCA-78 

TRIPLE-GRID SUPER- 
CONTROL AMPLIFIER 

The 78 is a triple-grid super-con- 
trol amplifier tube recommended for 
service in the radio-frequency and 
intermediate-frequency stages of radio 
receivers designed for its character- 
istics. The ability of this tube to handle usual signal voltages without cross- 
modulation and modulation-distortion makes it adaptable to the r-f and l-f stages 
of receivers employing automatic volume-control. The internal shield around the 
plate of the 78 is connected to the cathode within the tube. 





CHARACTERISTICS 



5.4 
1.3 



Heater Voltage (A. C. or D. C.) 

Heater Current 

Plate Voltage 

Screen Voltage 

Grid Voltage (Minimum) . . . 

Suppressor 

Plate Current 
Screen Current 

Plate Resistance 0.315 

Amplification Factor 400 

Transconductance 1275 

Grid Voltage* -38.5 

Grid-Plate Capacitance (With 

Input Capacitance 

Output Capacitance 

Bulb 



6.3 

0.3 

90 180 250 max. 250 max. 
90 75 100 125 max. 

-3 -3 -3 -3 

Connected to cathode at socket 



4.0 7.0 10.5 

1.0 1.7 2.6 

1.0 0.8 0.6 

1100 1160 990 

1100 1450 1650 

-32.5 -42.5 -52.5 

shield-can) 0.007 max. 

4.5 



11.0 



Volts 

Ampere 

Volts 

Volts 

Volts 

Milliamperes 
Milliamperes 
Megohm 

Micromhos 
Volts 
ppf 
Ulii 
Ulii 
ST- 12 



Small Metal 



Base 



Small 6-Pin 



* For transconductance = 2 micromhos. 



INSTALLATION AND APPLICATION 

The base pins of the 78 fit the standard six-contact socket which may be 
installed to hold the tube in any position. Heater operation and cathode connection 
are the same as for the type 6A8. Control-grid bias variation, screen voltage 
supply, and suppressor connection follow the methods given under INSTALLA- 
TION for the type 6D6. Shielding requirements are similar to those of the type 
6C6. Refer to APPLICATION on the type 6K7. 

A plate family of characteristic curves is given at the bottom of page 147 
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RCA-79 



GT2 



CLASS B TWIN AMPLIFIER 

The 79 is a heater-cathode type of 
tube combining in one bulb two 
high-mu triodes designed for Class B 
operation. It is intended for use in 
the audio'OUtput stage of radio re- 
ceivers with 6.3-volt heater supply. The triode unite have separate external terminals 
for all electrodes except the cathode and heater so that circuits employing the 79 
are similar to those of Class B amplifiers utilizing individual tubes in the output stage. 




CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 6.3 Volts 

Heater Current 0.6 Ampere 

Bulb ST . 12 

Cap Small Metal 

Base Small 6-Pin 

As Class B Power Amplifier 

Plate Voltage 250 max. Volts 

Peak Plate Current (Per Plate) 90 max. Milliamperes 

Average Plate Dissipation 11.5 max Watte 

Typical Operation 

Voltage 180 250 Volts 

Grid Voltage 0 0 Volts 

Zero-Signal Plate Current (Per plate) 3.8 5.3 Mffliampere. 

Effective Load Resistance (Plate-to-plate). . 7000 14000 Ohms 

Power Output (Approximate)* 5.5 8.0 Watte 

• With average power input of 380 milliwatts applied between grid«. 

INSTALLATION AND APPLICATION 

The base pins of the 79 fit the standard six-contact socket which may be 
installed to operate the tube either in a vertical or in a horizontal position. Sufficient 
ventilation should be provided to circulate air freely around the tube to prevent 
overheating. 

For heater operation and cathode connection, refer to INSTALLATION on 
type 6A8. 

As a Class B power amplifier, the 79 is used in circuits similar in design to 
chose utilising individual tubes in the output stage. It requires no grid-bias, since 
the high-mu feature of the triode units reduces the steady plate current at zero bias 
to only a few milliamperes. Refer to page 20 for general Class B amplifier design 
considerations. 

As a Class A amplifier, the 79 may be used with grid-bias voltage for small 
input signals. Such applications include circuits employing the two triode unite 
either in parallel or in push-pull connection. 

In other applications, the two triode units of the 79 may be used in various 
circuits to combine the functions of oscillation, detection and/or amplification. 
A family of plate characteristic curves is given on page 156. 
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RCA-80 




FULL-WAVE RECTIFIER 

The 80 is a full-wave rectifying 
tube intended for use in d-c power- 
supply devices which operate from 
the a-c supply line. 

CHARACTERISTICS 

Filament Voltage (A. G.) 5.0 Volts 

Filament Current 2-0 Amperes 

(A-C Plate Voltage Per Plate (RMS) 350 Volts 

1 ?D-C Output Current 12? max. Milhampere* 

J A-C Plate Voltage Per Plate (RMS) 400 max. VoltB 

(D-C Output Current 110 max. Milkamperes 

(A-C Plate Voltage Per Plate (RMS) 5 TO max. Volts 

(D-C Output Current 135 max. Milliamperes 

Bulb . , ST-14 

Base Medium 4-Pin 

• ThKi rating ia permissible only with filter circuits having an input doke of at least 20 henrie4 

INSTALLATION 

The base pins of the 80 fit the standard four-contact socket which should be 
mounted preferably to hold the tube in a vertical position. If it is necessary to 
place the tube in a horizontal position, the socket should be mounted with both of 
the filament-pin openings, either at the top or at the bottom. This precaution 
locates the filament-plane vertical for most satisfactory performance. Provision 
sLould be made for free circulation of air around the bulb since it becomes quite 
hot during operation. 

The coated filament of the 80 is designed to operate from the a-c line through 
a step-down transformer. The voltage applied to the filament terminals should be 
the rated value of 5.0 volts under operating conditions and average line voltage. 

The approximate d-c output voltage of the 80 for various values of a-c input 
voltage may be obtained from the curves, page 156. For the d-c voltage available 
at the radio set, it is necessary to subtract the voltage drop across the filter from 
the value read from the curves. 

APPLICATION 

As a full-wave rectifier, the 80 may be operated with condenser-input or 
choke-input filter under conditions not to exceed the ratings given under CHAR- 
ACTERISTICS. 

As a half-wave rectifier, two 80's may be operated in a full-wave circuit with 
reasonable serviceability to deliver more d-c output current than can be obtained 
from one tube. For this use, the plates of each 80 are tied together at the socket. 
The allowable voltage and load conditions per tube are the same as for full-wave 
service. 

The filter may be of either the condenser-input or choke-input type. If an 
input condenser is used, consideration must be given to the instantaneous peak value 
of the a-c input voltage. The peak voltage is about 1.4 times the RMS value as 
measured by most a-c voltmeters. Filter condensers, therefore, especially the input 
condenser, should have a rating high enough to withstand the instantaneous peak 
value, if breakdown is to be avoided. When the input-choke method is used, the 
available d-c output voltage will be somewhat lower than with the in-put condenser 
method for a given a-c plate voltage. However, improved regulation, together with 
lower peak current, will be obtained. 
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OUTPUT CHARACTERISTICS 

(CHOKE INPUT TO FILTER) 



OUTPUT CHARACTERISTICS 
(CONDENSER INPUT TO FILTER") 





D-C LOAD M1LLIAMPERES 

92C— 4693 



D-C LOAD MILL (AMPERES 

92C- 4694 



OUTPUT CHARACTERISTICS 
(CHOKE input to filter) 



OUTPUT CHARACTERISTICS 
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RCA-81 



HALF-WAVE RECTIFIER 

The 81 is a half -wave rectifier tube 
of the high-vacuum type for use in 
d-c power-supply devices operating 
from the alternating-current supply 
line. Full-wave rectification may be 
accomplished by two 81's. 




CHARACTERISTICS 

Filament Voltage (A. C.) 7.5 Volts 

Filament Current 1-2? Amperes 

A-C Plate Voltage (RMS) 700 max. Volte 

D-C Output Current 85 max. MiUiamperes 

Bulb S-19 

Base . . . . . . . . . . . . . Medium 4-Pin Bayonet 



INSTALLATION 

The base pins of the 81 fit the standard four-contact socket which should be 
mounted to hold the tube in a vertical position. Provision should be made for fret 
circulation of air around the bulb since it becomes quite hot during operation. 

The coated filament of the 81 is designed to operate from the a-c line through 
a step-down transformer. The voltage applied to the filament terminals should be 
the rated value of 7.5 volts under operating conditions and average line voltage. 

The approximate d-c output voltage of the 81 in half -wave and full-wave 
connection, for various values of a-c input voltage, may be obtained from the curves 
on the preceding page. For the d-c voltage available at the radio set, it is necessary 
to subtract the voltage drop across the filter from the value read from the curves. 



APPLICATION 



As a half-wave rectifier, the 81 may be operated under conditions not to exceed 
those given under CHARACTERISTICS. 

In full-wave circuits, two 81's are required to rectify both halves of the a-c 
voltage. Operating voltages per tube are the same as for the half-wave circuit, but 
twice the d-c output current may be obtained. 

The filter may be of either the condenser-input or choke-input type. If an 
input condenser is used, consideration must be given to the instantaneous peak value 
of the a-c input voltage. The peak value is about 1.4 times the RMS value as 
measured by most a-c voltmeters. For this reason, filter condensers, especially the 
input condenser, should have a rating high enough to withstand the instantaneous 
peak value, if breakdown is to be avoided. When the input-choke method is used, 
the available d-c output voltage will be somewhat lower than with the input-condenser 
method for a given a-c plate voltage. However, improved regulation, together with 
lower peak current, will be obtained. 

For special applications, it is possible to obtain a d-c output voltage approxi- 
mately double that to be expected from conventional rectifier circuits, without 
exceeding the recommended maximum a-c input-voltage per tube. This is accom- 
plished by means of a voltage-doubling system designed for each particular appli- 
cation. See page 25. 
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RCA-82 

FULL-WAVE MERCURY- 
VAPOR RECTIFIER 

The 82 is a full-wave mercury- 
vapor rectifier tube of the hot-cathode 
type for use in suitable rectifying 
devices designed to supply d-c power 
of uniform voltage to receivers in 
which the direct-current requirements are subject to considerable variation. The 
excellent voltage-regulation characteristic of the 82 is due to its low and practically 
constant tube voltage drop (only about 15 volts) for any current drain up to the 
full emission of the filament (see page 8). 





CHARACTERISTICS 

Filament Voltage (A. C.) 2.5 Volts 

Filament Current 3.0 Ampere? 

A-C Voltage Per Plate (RMS) 500 max. Volts 

Peak Inverse Voltage 1400 max. Volts 

D-C Output Current (Continuous) 125 max. Milliampere;> 

Peak Plate Current 400 max. Milliampere>- 

Tube Voltage Drop (Approximate) 15 Volts 

Bulb S-14 

Base Medium 4-Pin 



MERCURY- VAPOR RECTIFIER CONSIDERATIONS 

The 82 has very low internal resistance, so that the current it delivers depends 
on the resistance of the load and the regulation of the power transformer. Sufficient 
protective resistance or reactance must always be used with this tube to limit it* 
current to the recommended maximum value. If this value is exceeded, the tube 
voltage drop will increase rapidly and may permanently damage the filaments. 

It is characteristic of mercury-vapor rectifiers that no appreciable plate current 
will flow until the plate voltage reaches a certain critical positive value. At this 
point the plate current rises steeply to a high value in a small fraction of a second 
This surge of current re-occurring each time either plate becomes positive may excite 
circuits in the vicinity of the tube to damped oscillation and thus cause noisy radio 
receiver operation. It is usually necessary, therefore, to provide small radio-frequency 
chokes in series with each plate lead so that the slope of the current wave front tc 
the filter is reduced sufficiently to eliminate impact excitation. 

INSTALLATION 

The base pins of the 82 fit the standard four-contact socket, which should be 
installed to hold the tube in a vertical position with the base down. Only a socket 
making very good filament contact and capable of carrying 3 amperes continuously 
should be used. Poor contact at the filament pins will cause overheating at the 
pins and socket, lowered filament voltage, and high internal tube drop with 
consequent injury to the tube. 

The bulb becomes hot during continuous operation. Provision should be made 
for adequate natural ventilation to prevent overheating, especially if shielding is 
employed. 
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The coated filament is intended for a-c operation from one of the secondary 
windings of a power transformer. This winding, provided with a center'tap or 
center-tap resistor, should supply at the filament terminals the rated operating 
voltage of 2.5 volts when average rated voltage is applied to the primary. The high 
current taken by the filament and the possibility of damage caused by applying plate 
voltage to the tube with its filament insufficiently heated make it imperative that all 
connections in the filament circuit be of low resistance and of adequate current- 
carrying capacity. 

The plate supply is obtained from a center-tapped high-voltage winding designed 
so that the maximum a-c input voltage per plate will not exceed 500 volts RMS 
under varying conditions of supply-line voltage. The resistance of the transformer 
windings should, of course, be low if full advantage of the excellent regulation 
capabilities of this mercury-vapor rectifier is to be obtained. Since the drop through 
the tube is practically constant, any reduction in rectified voltage when the load is 
increased is due to the drop in the transformer and/or the filter windings. The 
return-lead from the plates, i.e., the positive bus of the filter and load circuit, 
should be connected to the center-tap of the filament winding. 

Shielding of this tube, particularly in sensitive receivers, may be necessary to 
eliminate objectionable noise. Radio-frequency choke coils, connected in series with 
each plate lead and placed within the shielding if used, are usually necessary in 
receivers having high sensitivity. The inductance of the chokes should be one 
millihenry or more. 

A fuse having a rating approximately 50% in excess of normal load require- 
ments should be inserted in the primary of the power transformer to prevent damage 
in case of excessive current which may flow under abnormal conditions. 

ft is recommended that the entire equipment be disconnected from the a-c 
power supply whenever the 82 is removed from or installed in its socfeet. 

APPLICATION 

As a full-wave rectifier, the 82 is recommended for supplying d-c power to 
receivers, particularly those in which the direct-current requirements cause consid- 
erable variation in the load impressed on the rectifier tube. 

As a half-wave rectifier, the 82 may be operated with plates connected in 
parallel. For example, two 82's so arranged in a full-wave circuit can supply twice 
the output current of a single tube. When the 82's plates are operated in parallel, 
a resistor of not less than 100 ohms should be connected in series with each plate 
in order that each plate will carry its proper share of the total load. 

Filter circuits (page 37) of either the condenser-input or the choke-input type 
may be employed provided the maximum voltages and currents tabulated under 
CHARACTERISTICS are not exceeded. The choke-input type of circuit is to be 
preferred from the standpoint of obtaining the maximum continuous d-c output 
current from the 82 under the most favorable conditions. 

Under operating conditions, the 82 has a bluish-white glow filling the space 
within the plates and extending to some degree into the surrounding space outside 
the plates. This glow, caused by the mercury vapor, is an inherent operating 
characteristic of the 82. 
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RCA-83 

FULL-WAVE MERCURY- 
VAPOR RECTIFIER 

The 83 is a heavy-duty, full- wave, 
mercury-vapor rectifier tube of the 
hot-cathode type. It is intended for 
use in suitable rectifying devices 
designed to supply d-c power of 
uniform voltage to receivers. The excellent voltage regulation characteristic of the 
83 is due to its low and practically constant tube voltage drop (only about 15 volts) 
for any current drain up to the full emission of its filaments. For mercury-vapor 
rectifier considerations, refer to page 8 and to type 82. 





CHARACTERISTICS 

Filament Voltage (A. C.) 5.0 Volts 

Filament Current 3.0 Ampere.-- 

A-C Plate Voltage Per Plate (RMS) 500 max. Volts 

Peak Inverse Voltage 1400 max. Volts 

D-C Output Current (Continuous) 250 max. Milliamperes 

Peak Plate Current 800 max. Milliamperes 

Tube Voltage Drop (Approximate) 15 Volts 

Bulb ST- 16 

Base Medium 4-Pin 



INSTALLATION 

Installation of the 8 J is similar to that of the type 82 



APPLICATION 

As a full-wave rectifier, the 83 is intended for supplying large amounts of d-c 
power to receivers whose requirements are in excess of the rating of the 82. The 
83 is recommended for heavy-drain receivers in which the direct-current requirements 
cause considerable variation in the load impressed on the rectifier tube. 

As a half-wave rectifier, the 83 may be operated with plates connected in 
parallel. For example, two 83's so arranged in a full-wave circuit can supply twice 
the output current of a single tube. When the 83's plates are operated in parallel, 
a resistor of not less than 50 ohms should be connected in series with each plate in 
order that each plate will carry its proper share of the total load. If the load is 
less than 75% of the total maximum current rating of the tube(s), the series plate 
resistors should be increased to 100 ohms each. 

Filter circuits (page 37) of either the condenser-input or the choke-input type 
may be employed, provided the maximum voltages and currents tabulated under 
CHARACTERISTICS are not exceeded. The choke-input type of circuit is to be 
preferred from the standpoint of obtaining the maximum continuous d-c output 
current from the 83 under the most favorable conditions. 

Under operating conditions, the 83 has a bluish-white glow filling the space 
within the plates and extending to some degree into the surrounding space outside 
the plates. This glow, caused by the mercury-vapor, is an inherent operating 
characteristic of the tube. 
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RCA-83-v 

FULL-WAVE RECTIFIER 

The 83-v is a high-vacuum, full- 
wave rectifier tube of the heater- 
cathode type. It is intended for use 
in suitable rectifying devices designed 
to supply d-c power to receivers hav- 
ing large d-c requirements. The excellent voltage regulation characteristic 
83-v is due to the close spacing of the cathode and plate. 




of the 



CHARACTERISTICS 

Heater Voltage (A. C.) 1.0 Volts 

Heater Current 2.0 Amperes 

A-C Plate Voltage Per Plate (RMS) 400 max:. Volts 

Peak Inverse Voltage 1100 max. Volts 

D-C Output Current 200 max. Milliamperes 

Bulb ST- 14 

Base Medium 4-Pin 



INSTALLATION 

The base pins of the 83-v fit the standard four-contact socket which may be 
mounted to hold the tube in any position. 

The bulb becomes hot during continuous operation. Provision should be made 
for adequate natural ventilation to prevent overheating. 

The heater is designed to operate from the a-c line through a step-down 
transformer. The voltage applied to the heater should be the rated value of 1.0 
volts under operating conditions and average line voltage. The heater leads should 
have as low resistance as practical. 

The cathode of the 83-v is connected to the heater within the tube. 



APPLICATION 

As a full-wave rectifier, the 83-v is useful for 
supplying large amounts of d-c power to receivers, 
particularly those in which the d-c requirements 
cause considerable variation in the load impressed 
on the rectifier tube. 

Filter circuits of either the choke-input or 
the condenser-input type may be employed, 
provided the maximum voltages and currents 
tabulated under CHARACTERISTICS are not 
exceeded. The choke-input type of circuit is to 
be preferred from the standpoint of obtaining the 
maximum continuous d-c output current from the 
83-v under the most favorable conditions. 

For discussion of rectifiers and filter circuits, 
refer to pages 24 and 37, respectively. 



OPERATION CHARACTERISTICS 



TYPE 83~v 
Elf =5.0. VOLTS A.C. 
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RCA-84 



FULL-WAVE RECTIFIER 

The 84 is a high-vacuum rectifier 
of the heater-cathode type, intended 
for supplying rectified power to auto- 
mobile-radio equipment designed for 
its characteristics. This type is 
interchangeable with the 6Z4. 

CHARACTERISTICS 



Heater Voltage (A. C. or D. G.) 

Heater Current 

A-C Plate Voltage Per Plate (RMS) . 

Peak Inverse Voltage 

D-G Output Current 

Bulb 

Base 




6.3 
0.5 

350 max. 
1000 max. 
50 max. 



Volts 
Ampere 
Volts 
Volts 

Milliamperes 

ST- 12 
Small 5-Pin 



INSTALLATION 

. The base pins of the 84 fit the standard five-contact socket which may be 
mounted to hold the tube in any position. 

The bulb of this tube will become very hot under certain conditions of 
operation. Adequate ventilation should be provided for cooling the tube by the use 
of chassis enclosures designed to radiate heat efficiently. 

The heater is designed so that the normal voltage variation of 6-volt automobile 
batteries during charge and discharge will not materially affect the performance or 
serviceability of this tube. Under no condition of operation should the normal 
operating heater voltage of this tube fluctuate to exceed a maximum of 7.5 volt*. 
The d-c potential difference heater and cathode should be limited to 500 volts. 

APPLICATION 

As a full-wave rectifier, the 84 may be operated with condenser-input oi 
choke-input filter under conditions not to exceed the ratings given under CHAR- 
ACTERISTICS. 

As a half-wave rectifier, the 84 may be used by connecting the two plate 
terminals together at the socket. With this arrangement, the maximum d-c output 
current is 75 milliamperes, while other values are the same as for full-wave service. 



OPERATION CHARACTERISTICS 

FULL-WAVE CONNECTION 



OPERATION CHARACTERISTICS 
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RCA-85 




DUPLEX-DIODE TRIODE 

The 85 is a heater type of tube 
consisting of two diodes and a triode 
in a single bulb. It is for use as a 
combined detector, amplifier, and 
automatic-volume-control tube in radio 
receivers designed for its characteristics. The two diodes and the triode are 
independent of each other except for a common cathode sleeve, which has one 
emitting surface for the diodes and another for the triode. The separate tube units 
permit of unusual flexibility in circuit arrangement and design. For example, the 
diodes of this tube can perform the functions of detection and of automatic 
volume-control; while, at the same time, the triode may be used as an amplifier under 
its own optimum conditions. For diode-detector considerations, refer to page 26. 

CHARACTERISTICS 

Heater Voltage (A. C. or D. C.) 



Heater Current 
Grid-Plate Capacitance . . . 
Grid-Cathode Capacitance . 
Plate-Cathode Capacitance 

Bulb 

Cap 

Base 



6.3 
0.3 
1.5 
1.5 
4.3 



Volts 
Ampere 
p/if 
It/if 

mtS 
ST- 12 
Small Metal 
Small 6-Pin 



Triode Unit — As Class A Amplifier 



Plate Voltage 135 180 250 max. Volts 

Grid Voltage -10.5 -13.5 -20 Volts 

Amplification Factor 8.3 8.3 8.3 

Plate Resistance 11000 8500 7500 Ohms 

Transconductance 750 975 1100 Micromhos 

Plate Current 3.7 6.0 8.0 Milliamperes 

Load Resistance 25000 20000 2QD00 Ohms 

Power Output 0.075 0.16 0.35 Watt 

Diode Units 

The two diode plates are placed around a cathode, the sleeve of which is 
common to the triode unit. Each diode plate has its own base pin. Operation 
curves for the diode units are given under type 6B7. 

INSTALLATION 

The base pins of the 85 fit the standard six-contact socket, which may be 
installed to hold the tube in any position. For heater operation and cathode 
connection, refer to INSTALLATION under type 6A8. Complete shielding of 
detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling 
between the diode circuits and the circuits of other stages. 

APPLICATION 

The 85 is recommended for performing the simultaneous functions of automatic 
volume-control, detection, and amplification. 

For detection, the diodes may be utilized in a full-wave circuit or in a 
half-wave circuit. In the latter case, one plate only, or the two plates in parallel, 
may be employed. The use of the half-wave arrangement will provide approximately 
twice the rectified voltage as compared with the full-wave arrangement. 

For automatic volume-control, a rectified voltage which is dependent on the 
r-f or i-f carrier, is usually employed. This voltage is utilized to regulate the gain 
of the r-f and/or i-f amplifier stages so as to maintain essentially constant-carrier 
input to the audio detector. The regulation of amplifier gain by means of the 
rectified voltage may be accomplished by a number of methods, differing chiefly in 
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the means of applying the voltage to the various electrodes of the amplifier tubes. 
As is well known, the regulating voltage may be applied to the control grids of the 
amplifier tubes. On the other hand, by less familiar methods, the voltage may, 
depending on the requirements of the designer, be applied to other electrodes. For 
example, the voltage may be applied to suppressor, plate and/or screen of an r-f 
pentode. 

The complex structure of the 85 permits of obtaining automatic-volume-control 
voltage in a number of ways. In one case, the required voltage is obtained from the 
detector circuit by utilising the voltage drop caused by the rectified current flowing 
through a resistor in the detector circuit. In another case, the required voltage is 
obtained by utilizing one diode for the sole purpose of automatic volume-control 
(suv.c). This latter method is of particular interest since it confines the sensitivity 
and time-delay function to the a.v.c. circuit. Time-delay action is, of course, 
determined by the use of a resistance and condenser combination having the desired 
time constant. The a.v.c. action may be postponed by applying a negative voltage 
to the a.v.c. diode plate. Another a.v.c. arrangement capable of various adaptations 
is to use the triode as a d-c amplifier to supply the regulating voltage. Additional 
information on automatic volume-control is given on page 28. 

For amplification, the triode may be employed in conventional circuit 
arrangements. Representative conditions for resistance-coupled amplifier applications 
are given in the Resistance-Coupled Amplifier Section. Grid bias for the triode, 
depending upon circuit design, may be obtained from a fixed-voltage tap on the 
d-c power supply or may be obtained by utilising the variable voltage drop caused 
by the rectified current flowing through a resistor in the detector circuit. In this 
connection, it should be noted that the circuits shown below designate this latter 
arrangement as "Diode-Biased Amplifier." Diode biasing of the triode unit may 
be employed only when at least 20000 ohms resistance is used in the triode plate 
circuit. 

A plate family of characteristics for the triode unit is given under type 55. 
TYPICAL DUPLEX-DIODE TRIODE CIRCUITS 



HALF-WAVE DETECTOR 
DIODE BIASED AMPLIFIER 



FULL-WAVE DETECTOR 
DIODE BIASED AMPLIFIER 



HALF-WAVE DETECTOR 
FIXED BIAS AMPLIFIER 




HALF-WAVE DETECTOR HALF-WAVE DETECTOR HALF-WAVE DETECTOR, SEPARATE 

DIODE BIASED D-C AMPLIFIER FIXED BIAS AMPLIFIER A.V.C, FIXED BIAS AMPLIFIER 




APPROXIMATE VALUES 



_ /ISO LI Mf FOR 500-1500 KC. 
C 2 = 0JM f 

c 3 = aiLi-f 

C 4 = d5Llf OR LARGER 
C5 = 0.5 Jif OR LARGER 
C 6 = OOI-0-IJJf 
C7 - O0005-O00IJJF 
Ce = 0.1 JJf OR LARGER 



Cg=O.OO0ILIf OR SMALLER 
Rt - 0.5-1.0 MEGOHM 
R 2 = 1.0-1.5 MEGOHMS 
R 3 = OI MEGOHM 
R4 =0.5-1.0 MEGOHM 
R 5 = 1.0 MEGOHM 
R 6 = 25000-75000 OHMS 
Ei, = VOLTAGE FOR SENSITIVITY 
CONTROL 
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I % MAX.* 



RCA-89 

TRIPLE-GRID POWER 
AMPLIFIER 



w 



The 89 is a triple-grid power- 
amplifier tube of the heater-cathode 
type recommended for use in receiv- 
ers with 6.3-volt heater supply. The 

— triple-grid construction of this tube, 

with external connections for each grid, makes possible its application as ( 
A Power- Amplifier Triode, (2) a Class A Power-Output Pentode, and ( 
B Power-Output Triode. 




1) a Claw 
3) a Class 



CHARACTERISTICS 



Heater Voltage (A. 
Heater Current . . 

Bulb 

Cap 

Base 



C. or D. C). 



6.3 
0.4 



Volts 
Ampere 
ST- 12 
Small Metal 
Small 6-Pin 



Class Ai Power Amplifier — Triode Connection 

(Grids No. 2 and No. 3 tied to plate) 

Plate Voltage 160 180 250 max. Volts 

Grid Voltage (Grid No. 1) -20 -22.5 -31 Volts 

Plate Current 17 20 32 Milliamperes 

Amplification Factor 4.7 4.7 4.7 

Plate Resistance 3300 3000 2600 Ohms 

Transconductance 1425 1550 1800 Micromhos 

Load Resistance* 7000 6500 5500 Ohms 

Self-Bias Resistor 1180 1125 970 Ohms 

Undistorted Power Output 0.3 0.4 0.9 Watt 

• Optimum for maximum undistorted power output. Approximately twice the value or any givea 
set of conditions is recommended for load of this tube when used as driver for Class B stage. 

Class Ai Power Amplifier — Pentode Connection 

(Grid No. 3 tied to cathode) 



Plate Voltage 100 135 180 250 max. 

Screen Voltage (Grid No. 2) 100 135 180 250 max. 

Grid Voltage (Grid No. 1). . -10-13.5 -18 -25 

Plate Current 9.5 14 20 32 

Screen Current 1.6 2.2 3.0 1.1 

Amplification Factor 125 125 125 125 

Plate Resistance 104000 92500 80000 70000 

Transconductance 1200 1350 1550 1800 

Load Resistance 10700 9200 8000 6750 

Self-Bias Resistor 900 830 785 670 

Power Output* 0.33 0.75 1.5 3.4 

* 9% total harmonic distortion. 

Class B Power Amplifier — Triode Connection 

(Grids No. 1 and No. 2 tied together, grid No. 3 tied to plate) 

Plate Voltage 2yo max - 

Peak Plate Current 90 mux. 

Average Grid Dissipation (Grids No. 1 and No. 2) 0.35 max. 

Typical Operation Values are for two tubes. 

Plate Voltage 180 

Grid Voltage 0 



Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 

Ohms 

Micromhos 

Ohms 

Ohms 

Watts 



Volts 

Milliamperes 
Watt 



Volts 
Volts 
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Zero-Signal Plate Current 6 Milkamperes 

Effective Load Resistance (Plate-to-plate) 9400 Ohms 

Power Output (Approximate) 3.5 Watts 



INSTALLATION AND APPLICATION 

The base pins of the 89 fit the standard six-contact socket which may be 
installed to hold the tube in any position. Sufficient ventilation should be provided 
to circulate air freely around the tube to prevent overheating. 



OPERATION. CHARACTERISTICS 
CLASS 8 OPERATION 



TYPE 89 
Ef= 6.3 VOLTS 



i — I — r 



For heater operation and cathode connection, refer to type 6A8. 

For Class Ai Triode Operation of the 89, the two grids {No. 2 and No. 3), 
immediately adjacent to the plate, are connected to the plate, while the third (No. 1) 
is employed for control purposes. Operation of the tube is then similar to any Class 
A Power-Amplifier Triode. When it is used as the driver for a Class B stage, the 
load requirements are changed as indicated in the note under CHARACTERISTICS. 
This change ie recommended in order to 
minimize distortion due to the driver stage. 

For Class Ai Pentode Operation of the 
89, the grid (No. 3) adjacent to the plate is 
tied to the cathode and thus serves as the 
suppressor, while the other two grids (No. 1 
and No. 2) serve as the screen-grid and 
control-grid respectively. Operation of the 
tube is then similar to any Class A power- 
output pentode. 

When the 89 is operated as a Class A 
Amplifier (triode or pentode), input trans- 
former- or impedance-coupling devices are 
recommended. If, however, resistance coup- 
ling is used, a resistance of 1.0 megohm may 
be employed, provided the heater voltage does 
not rise more than 10 per cent above rated 
value under any condition of operation. 

For Class B Triode Operation of the 89, 
the grid (No. 3) adjacent to the plate is tied 
to the plate, while the other two grids (No. 1 
and No. 2) are connected together to serve as a single control grid. A discussion 
of Class B design features is given on page 20. 



INPUT-CLASS A-ONE TVPE 89 

PLATE VOLTS= 160 GRID VOLTS = -20 
OUTPUT-CLASS B-TWO TVPE 69 

PLATE VDLT5=lflO CP.© VOLTS=0 
INPUT TRANSFORMER VOLTAGE RATO^ IM - ^ 
OUTPUT LOAD.PLATE TO PLATE = 13600 OHMS 
NOTE- FOR SMLAR CIRCUIT.SEE CURVE ON OPERATION 
CHARACTERlSTICsCaASS b)for TVPE 59 




uiof 



DRIVER SIGNAL VOLTS (RMS) 

92O420IRI 



AVERAGE PLATE CHARACTERISTICS 
CLASS B OPERATION 




PLATE V0LTS(E b ) 
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I Ifo MAX.|-»- 

V-99 



RCA-V99 

and 

RCA-X99 

DETECTORS, AMPLIFIERS 

The 99 types are three electrode, 
general'purpose tubes designed for 
dry-cell operation. The low power 
consumption of these tubes makes 
them applicable to portable receivers 




V-99 



and services where power economy is important. The two types have different bases. 



CHARACTERISTICS 



Filament Voltage (D. C.) . . . 

Filament Current 

Plate Voltage 

Grid Voltage 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 

GriD'Plate Capacitance 

GriD'Filament Capacitance . 
PlatE'Filament Capacitance 



Bulb 
Base 



3.0- 3.3 
0.060-0.063 
90 max. 
-4.5 
2.5 
15500 
6.6 
425 
3.3 
2.5 
2.5 
Type V99 
T-8 
.Small 4-Nub 



Volts 
Ampere 
Volts 
Volts 

Mdliamperes 
Ohms 

Micromhofl 
p/if 

TypeX99 

T-9 
Small 4-Pin 




X-99 



INSTALLATION 

The base pins of the X99 fit the 
standard four-contact socket; the V99 
fits only the small shell socket with 
bayonet slot. The sockets should be 
installed so that the tubes will operate 
in a vertical position. Cushioning of 
the sockets in the detector stage may 
be desirable if microphonic disturb- 
ances are encountered. 

APPLICATION 



7 — ^ 



X-99 



As detectors, 99's may be operated either with grid leak and condenser or with 
grid bias. The recommended plate voltage for the former method is 45 volts. A 
grid leak of from 1 to 5 megohms used with a grid condenser of 0.0002? is 
satisfactory. The grid-circuit return should be connected to the positive filament 
terminal. For grid-bias detection the maximum plate voltage of 90 volts may be 
used with the corresponding negative grid bias of 10.5 volte. The grid bias should 
be adjusted so that the plate current is 0.2 milliampere with no input signal. 

As amplifiers, the 99's are applicable to the audio- or the radio-frequency 
stages of a receiver. Recommended plate and grid voltages are shown under 
CHARACTERISTICS. 

These two types are used principally for renewal purposes. 
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RCA-I 12-A 



DETECTOR, AMPLIFIER 

The 112-A is a three-electrode 
storage-battery tube for use as a 
detector and as an amplifier. 



CHARACTERISTICS 



Filament Voltage (D. C.) 

Filament Current 

Plate Voltage 

Grid Voltage* 

Plate Current 

Plate Resistance 

Amplification Factor 

Transconductance 157? 

Load Resistance 5000 

Undistorted Power Output 0.035 

Grid-Plate Capacitance 

Grid-Filament Capacitance 

Plate-Filament Capacitance 

Bulb 



90 
-4.5 

5.0 
5400 

8.5 



135 
-9 

6.2 
5100 

8.5 
1650 
9000 
0.13 



5.0 
0.25 

180 max. 
-13.5 

7.7 
4700 

8.5 
1800 
10650 
0.285 

8.5 

4.0 

2.0 



Base Medium 

• The d-c resistance in the grid circuit should not exceed one megohm. 




Volts 
Ampere 
Volts 
Volts 

Milliamperes 
Ohms 

Micromhos 

Ohms 

Watt 

w«f 

ST- 14 

4-Pin Bayonet 



INSTALLATION AND APPLICATION 

The base pins of the 112-A fit the standard four-contact socket which should 
be installed to hold the tube in a vertical position. 

As a detector, the 1 1 2-A may be operated either with grid leak and condenser 
or with grid bias. For grid-bias detection, plate voltages up to the maximum value 
of 180 volts may be used with the corresponding negative grid-bias voltage (21 volts 
approximately, at 180 volts). 

As an amplifier, the 112-A should be operated as shown under CHARAC- 
TERISTICS. 

AVERAGE PLATE CHARACTERISTICS 




PLATE VOLTS 92C-503R 
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RCA-874 



VOLTAGE REGULATOR 

The 874 is a voltage regulator tube designed to maintain 
constant d-c output from rectifier devices for varying values 
of d-c load current. 

CHARACTERISTICS 



Starting Supply Voltage (D. C.) 12? nwn. Volts 

Operating Voltage (D. C.) 90 Volts 

Operating Current (D. C.) 10 to ?0 Milliamperes 

Continuous Current (D. C.) ?0 max. Milliamperes 

Maximum Overall Length ?H Inches 

Maximum Diameter 2%e Inches 

Bulb S-17 

Base Medium 4-Pin Bayonet 



INSTALLATION AND APPLICATION 

The base pins of the 874 fit the standard four-contact socket. Pins No. 2 and 
No. 4 are connected together within the base; the connection is used as a link in 
the primary circuit of the power transformer to prevent the application of voltage 
when the 874 is removed from its socket. 

Sufficient resistance must always be used in series with the 874 to limit the 
current to ?0 milliamperes when no load current is being drawn from the rectifier. 

This type is used principally for renewal purposes. 




RCA-876, RCA-886 

CURRENT REGULATORS 

The 876 and 886 are, within their ranges of operation, constant-current 
regulating devices. 

CHARACTERISTICS 

Type 876 Type 886 

Voltage Range 40 to 60 40 to 60 Volts 

Operating Current 1.7 2.0? Amperes 

Ambient Temperature (Fahrenheit) 1?0 1?0 Degrees 

Maximum Overall Length 8 8 Inches 

Maximum Diameter 2% 6 VA« Inches 

Bulb T-16 T-16 

Base Mogul Screw Mogul Screw 

INSTALLATION AND APPLICATION 

The bases of these types fit the standard mogul screw socket which may be 
installed to hold the tubes in any position. These tubes operate at a high bulb 
temperature and must be surrounded by a metal ventilating stack. 

Either type may be used in series with the primary of a suitably designed 
transformer (or with a resistive load) to maintain essentially constant input voltage 
to the primary (or load) over a range of line voltage variation of 20 volts. The 
primary of the transformer should be designed for a voltage input equal to the 
average line voltage minus ?0 volts. The primary current of the transformer 
should be 1.7 amperes for the 876 and 2.0? amperes for the 886. If less than this 
current is drawn, adjustment to the rated value must be made either by a shunt 
resistor or increased load on the secondary. Two or more of these tubes are required 
if the current drawn is more than the rated values. 

These two types are used principally for renewal purposes. 



MISCH MET AL - NIGROSINE • PO RCELAI N - PETROLEUM J ELLY - ZINC 
CALCIUM ALUMINUM FLUORIDE ■ RESIN (SYNTHETIC) • ETHYL ALCOHOL 



MATERIALS USED IN RCA RADIO TUBES 

LEA P ACETATE- MALACHITE GREEN-GLYCERINE* ZINC CHLORIDE • IRON 
MARBLE DUST-WOOD FIBER- STRONTIUM NITRATE- LEAD OXIDE-ZINC OXIDE 
LAVA- MICA-TIN* SODIUM CARBONATE - SODIUM NITRATE - SILVER OXI D E 



BARIUM CAR-BO NATE 



CALCIUM CARBONATE 




Qases Used in t&KCanufacture 

NEON - HYDROGEN - CARBON DIOXIDE - ILLUMINATING GAS 
HELIUM - ARGON - NATURAL GAS — NITROGEN — OXYGEN 



&ements Entering into the (Manufacture 



ARGON - ALUMINUM - BORON - BARIUM - CAESIUM - CALCIUM - COPPER - CARBON - CHROMIUM - CHLORINE 

COBALT — HYDROGEN — HELIUM — IRIDIUM — IRON — LEAD — MAGNESIUM — MERCURY MOLYBDENUM 

NICKEL — NEON — NITROGEN — OXYGEN — POTASSIUM — PHOSPHORUS — PLATINUM — SODIUM — SILVER 
SmCON STRONTIUM TUNGSTEN THORIUM TANTALUM TITANIUM —TIN — ZINC — RARE EARTHS 
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Radio Tube Testing 



The radio tube user — service man, experimenter, and non-technical radio 
listener — is interested in knowing the condition of his tubes, since they govern 
the performance of the device in which they are used. In order to determine the 
condition of a tube, some method of test is necessary. Because the operating 
capabilities and design features of a tube are indicated and described by its electrical 
characteristics, a tube is tested by measuring its characteristics and comparing them 
with representative values established as standard for that type. Tubes which read 
abnormally high with respect to the standard for the type are subject to criticism 
just the same as tubes which are too low. 

Certain practical limitations are placed on the accuracy with which a tube test 
can be correlated with actual tube performance. These limitations make it unnecessary 
for the service man and dealer to employ complex and costly testing equipment 
having laboratory accuracy. Because the accuracy of the tube-testing device need be 
no greater than the accuracy of the correlation between test results and receiver 
performance, and since certain fundamental characteristics are virtually fixed by the 
manufacturing technique of leading tube manufacturers, it is possible to employ a 
relatively simple test in order to determine the serviceability of a tube. 

In view of these factors, dealers and service men will find it economically 
expedient to obtain adequate accuracy and simplicity of operation by employing a 
device which indicates the status of a single characteristic. Whether the tube is 
satisfactory or unsatisfactory is judged from the test result of this single character' 
istic. Consequently, it is very desirable that the characteristic selected for the test 
be one which is truly representative of the tube's overall condition. 



SHORT CIRCUIT TEST 

The fundamental circuit of a short-circuit tester is shown in Fig. 48. While 
this circuit is suitable for tetrodes and types having less than four electrodes, tubes 
of more electrodes may be tested by adding more indicator lamps to the circuit. 
Voltages are applied between the various electrodes with lamps in series with the 
electrode leads. Any two shorted electrodes complete a circuit and light one or 
more lamps. Since two electrodes may be just touching to give a high-resistance 
short, it is desirable that the indicating lamps operate on very low current. It is also 
desirable to maintain the filament or heater of the tube at its operating temperature 
during the short-circuit test, because short-circuits in a tube may sometimes occur 
only when the electrodes are heated. 



SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST 

Some characteristics of a tube are far more important in determining its 
operating worth than are others. The cost of building a device to measure any one 
of the more important characteristics may be considerably higher than that of a 
device which measures a less representative characteristic. Consequently, three 
methods of test will be discussed, ranging from relatively simple and Inexpensive 
equipment to more elaborate, more accurate, and more costly devices. 

An emission test is perhaps the simplest method of indicating a tube's condition. 
(Refer to DIODES, page 7, for a discussion of electronic emission.) Since emission 
falls off as the tube wears out, low emission is indicative of the end of tube 
serviceability. However, the emission test is subject to limitations because it tests 
the tube under static conditions and does not take into account the actual operation 
of the tube. On the one hand, coated filaments, or cathodes, often develop active 
spots from which the emission is so great that the relatively small grid area adjacent 
to these spots cannot control the electron stream. Under these conditions, the total 
emission may indicate the tube to be normal although the tube is unsatisfactory. 
On the other hand, coated types of filaments are capable of such large emission that 
the tube will often operate satisfactorily after the emission has fallen far below the 
original value. 



RCA RECEIVING TUBE MANUAL 



Fig. 49 shows the fundamental circuit diagram for an emission test. AU of the 
electrodes of the tube, except the cathode, are connected to the plate. The filament, 
or heater, is operated at rated voltage; after the tube has reached constant tempera- 
ture, a low positive voltage is applied to the plate and the electronic emission is 
read on the meter. Readings which are well below the average for a particular 
tube type indicate that the total number of available electrons has been so reduced 
that the tube is no longer able to function properly. 




1 




Fig. 49 

A transconductance test takes into account a fundamental operating principle 
of the tube. (This will be seen from the definition of Transconductance on page 
12.) It follows that transconductance tests, when properly made, permit better 
correlation between test results and actual performance than does a straight 
emission test. . , 

There are two forms of transconductance test which can be utilized in a tube 
tester. In the first form (illustrated by Fig. 50, giving a fundamental circuit with 
a tetrode under test), appropriate operating voltages are applied to the electrodes of the 
tube A plate current, depending upon the electrode voltages, will then be indicated by 
the meter. If the bias on the grid is then shifted by the application of a different 
grid voltage, a new plate-current reading is obtained. The difference between the 
two plate-current readings is indicative of the transconductance^ of the tube. This 
method of transconductance testing is commonly called the "grid-shift method, 
and depends on readings under static conditions. The fact that this form of test 
is made under static conditions imposes limitations not encountered in the second 
form of test made under dynamic conditions. 

The dynamic transconductance test illustrated in Fig. 51 gives a fundamental 
circuit with a tetrode under test. This method is superior to the static transcon- 
ductance test in that a-c voltage is applied to the grid. Thus, the tube is tested 




A-C 

, JILLLAMMETER 
'(DYNAMOMETER 
TYPE) 



Fig. i0 



Fig. 51 



under conditions which approximate actual operating conditions. The alternating 
component of the plate current is read by means of an a-c ammeter of the dyna- 
mometer type. The transconductance of the tube is equal to the a-c plate current 
divided by the input-signal voltage. If a one-volt RMS signal is applied to the 
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grid, the plate-current-meter reading in milliamperes multiplied by one thousand 
is the value of transconductance in micromhos. 

The power output test probably gives the best correlation between test results 
and actual operating performance of a tube. In the case of voltage amplifiers, the 
power output is indicative of the amplification and output voltages obtainable from 
the tube. In the case of power output tubes, the performance of the tube is closely 
checked. Consequently, although more complicated to set up, the power output 
test will give closer correlation with actual performance than any other single test. 

Fig. 52 shows the fundamental circuit of a power output test for Class A 
operation of tubes. The diagram illustrates the method for a pentode. The a-c 
output voltage developed across the plate-load impedance (L) is indicated by the 
current meter. The current meter is isolated as far as the d-c plate current is 
concerned by the condenser (C). The power output can be calculated from the 
current reading and known load resistance. In this way, it is possible to determine 
the operating condition of the tube quite accurately. 

Fig. 53 shows the fundamental circuit of a power output test for Class B 
operation of tubes. With a-c voltage applied to the grid of the tube, the current 
in the plate circuit is read on a d-c milliammeter. The power output of the tube 
is approximately equal to: 

(D-c current in amperes) 2 X Load resistance in ohms 
Power Output (watts) = ■ 




Fig. 52 Fig. 53 



ESSENTIAL TUBE TESTER REQUIREMENTS 

1. It is desirable that the tester provide for a short-circuit test to be made 
prior to measurement of the tube's characteristics. 

2. It is important that some means of controlling the voltages applied to the 
electrodes of the tube be provided. If the tester is a-c operated, a line-voltage control 
will permit of supplying proper electrode voltages. 

3. It is essential that the rated voltage applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the characteristics test follow one of the methods 
described. The method selected and the quality of the parts used in the tester will 
depend upon the requirements of the user. 

TUBE TESTER LIMITATIONS 

A tube testing device can only indicate the difference between a given tube's 
characteristics and those which are standard for that particular type. Since the 
operating conditions imposed upon a tube of a given type may vary within wide 
limits, it is impossible for a tube testing device to evaluate tubes in terms of 
performance capabilities for all applications. The tube tester, therefore, cannot be 
looked upon as a final authority in determining whether or not a tube is always 
satisfactory. Actual operating test in the equipment in which the tube is to be used 
will give the best possible indication of a tube's worth. Nevertheless, the tube 
tester is a most helpful device for indicating the serviceability of a tube. 
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Circuit Section 



The circuit diagrams given on the following pages have been carefully chosen, 
not necessarily to illustrate commercial practice, but rather to show many different 
uses of radio tubes. All of the circuits are conservatively designed to give reliable 

and satisfactory performance. Although relatively few circuits are given, it is often 
practical to use a portion of one circuit in combination with portions of other 
circuits to obtain a design meeting the desired requirements. Tuned-circuit constants 
are omitted from the receiver diagrams because inductance and condenser values are 
usually subject to the individual requirements of the set builder. In addition, 
suitable, well-made tuned-circuit parts can generally be purchased at very reasonable 
cost. Information on the characteristics and the application features of each tube, 
given under each tube type, will prove of assistance in understanding and utilizing 
the circuits. 



;a) 



SUPERHETERODYNE RECEIVER FOR A-C OPERATION 
WITH SNGLE-TUBE INVERSE FEEDBACK POWER AMPLIFIER 




= 50-200 SMXf 



C2,C6.C|2 = GANGED TUNING CONDENSERS 
C3>C7,Cia>C23.C24.C25 = 0.05 Hf 
C4,C9.Ci9 = 0-25Uf 
C5'C8^C|0'C|7.C 20 = 0.1 JJf 
C||,C22 = IOO^lif 

Ci3=OSCILLA T "OR TRACKING C0ND~N5ER 
Cw.C26 = 0.0l iXf 
Ci5,C2l = 50^1|J.f 
Ci6.C3i,C32,C33= 8_Uf, 500V. 
C27 = IOiif, LOW VOLTAGE 
C26 = UJf 
C29 = 0.5 jlf 

C30 = 25 Wf, LOW VOLTAGE 
R|.R3'RlO = 100000 OHMS, 0.1 WATT 
R2,R|I = 2000 OHMS, 0.5 WATT 
R4 = 260 OHMS, 0-1 WATT 
R 5 = 3300 OHMS, 0.5 WATT 
R6-R7.R 14 = 50000 OHMS, O.IWATT 
RfliRg = 20000 OHMS, 0. 1 WATT 
R|2= 2 MEGOHMS, 0-1 WATT 
R|3jR|6iR|7 = ' MEGOHM, 0.1 WATT 
Rl5 = 200000 OHMS, 0.1 WATT 
R|8 = 27000 OHMSi O.I WATT 
R[Q=: I MEGOHM VOLUME-CONTROL POTENTIOMETER 

WITH TAP AT 250000 OHMS FOR 

TONE COMPENSATION. 
R20=IOOO OHMS, O.IWATT 
R2I = 2000 OHM5.0.5WATT 



JR2I 



n 



R22=90000 OHMS, 0.5 WATT 
R23 = 10000 OHMS, 0.1 WATT 



R24= 170 OHMS, 2 WATTS 
R25 = 20000 QHM5, 5 WATTS 



BEAM^ 
POWER 
AMPLIFIER k T 4 
TYPE 6L6 f 



R26 = 25 OHMS, 0-5 WATT 
L| = 20 HENRIES, 100 OHMS 
L2=5O0-0HM SPEAKER FIELD, 

8 WATTS 
T|.T2 = I-F TRANSFORMERS 
T3= INPUT TRANSFORMER 
T4 = OUTPUT TRANSFORMER 
PLATE LOAD IMPEDANCE 
2500 OHMS 
Ts= POWER TRANSFORMER 
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(B) 



TUNED R-F RECEIVER WITH AVC AND INVERSE FEEDBACK POWER AMPLIFIER 

CLASS AB| 6L6-5, OUTPUT 32 WATT5 

DIODE DETECTOR, AVC, 

AUDIO AMPLIFIED TYPE 6L6 

TYPE 6R7 



C - 50-200 JJ-Wf 

C|,C7,C|3iC20 = C-ANGED TUNING CONDENSERS 
C2,C3,C 8 .C9.C|4.C|5,C|9.C23>C27 =0.05jJf 
C4.C5.C6'C|O.C|i-C|2,C|6.C|7-C|8.C30iC3i = 0.ly.f 
C21.C25 = lOOJiMf 
C22 = 10 JJf, LOW VOLTAGE 

C24 = TONE- COMPENSATION CONDENSER 0.01 .U-f 
C26 = l-0Ltf 
C28 = SEE NOTE 
C29 = 25 U-f, LOW VOLTAGE 
C32.C33.C34.C35* 8 jlf, 500 V. 
R|,R3,R6' R 8' R II' R I3= lOOOOO OHMS, 0.1 WATT 
R2.F*7.Ri2 = 275 OHMS, O-IWATT 
R4.R9.RK =*1OO00 OHMS, I WATT 
R5.RtO.R|6 = 12000 OHMS, 0.1 WATT 
R|5.R25= I MEGOHM, 1 0-1 WATT 
R|7 = 50000 OHMS, 0.1 WATT 
R|8 = 200000 OHMS, 0.1 WATT 
R|9 = 640 OHMS, 0.1 WATT 
R20 = I MEGOHM VOLUME -CONTROL POTENTIOMETER 

WITH TAP AT 250000 OHMS FOR 

TONE COMPENSATION. 
R2I = TONE- COMPENSATION RESISTOR 

27000 OHMS, 0-1 WATT 
NOTE- CONDENSERS C28 MAY BE REQUIRED TO SUPPRESS 

DETERMINED BY TEST. 




R22= 4 700 OHMS, I WATT 
R23.R24 = 2 MEGOHMS, O.IWATT 
R26.R27 = 5000 OHMS, O.I WATT 
R28 = 197 OHMS, 5 WATTS 
R29<R30 = 4 5 000 OHMS, 1 WATT 
R31 = 12 500 OHMS, 10 WATTS 
L t = 20 HENRIES, 100 OHMS 
L2=l5O0-OHM SPEAKER FIELD, 
7 WATTS 
PARAS IT ICS. OPTIMUM VALUE RANGES 



T| = INPUT TRANSFORMER FOR CLASS AB| 6L6"S 
WITH SPLIT SECONDARY FOR INVERSE 
FEEDBACK. RATIO PRI. TO V% SEC. = Kt 
T2~ PLATE-TO-PLATE LOAD OF 6600 OHMS 
T3= POWER TRANSFORMER 
FROM 0.00001 to 0G05yf AND SHOULD BE 



(C) 



SUPERHETERODYNE AUTOMOBILE RECEIVER 



DIODE DETECTOR, AVC, 
AUDIO AMPLIFIER 
TYPE 6Q7 



POWER 
AMPL1FER 
TYPE 6F6 




Ci,C|hC|5,C20=005Jif 

C2,C7= GANGED TUNING CONDENSERS 

C3,C8^CKI.C|2,C,3,C| 4 = 0.1 »f 

C 4 *50JJLMf 

C5.Cr7=O.OI Mf 

C6.= OSCILLATOR TRACKING CONDENSER 



C|6= 100 MWf 
C|8 = IO*Jf, LOW VOLTAGE 
Ci9 = 0.25 >lf 
C2i = 25Aif, LOW VOLTAGE 
F= IGNITION - INTERFERENCE FILTER 
R I, R6 =100000 OHMS, 0.1 WATT 
R 2 = 400 OHMS, 0.1 WATT 
R3,R|3= 50000 OHMS, 0-1 WATT 
R 4 = 20000 OHMS, O.S WATT 
R 5 = 30000 OHMS, I WATT 
R 6 = 50000 OHUS,0.5WATT 
R 7 = 5000 OHMS, 0-1 WATT 



R 9 = 5O0 OHMS, 0.1 WATT 
R]0 = 90000 OHMS, 0-5 WATT 
Rn=!000 OHMS, 0.1 WATT 
R|2=l MEGOHM 

R |4i R| 7t R t9 .= 250000 OHMS, 0.1 WATT 
H 15= 2600 OHMS, 0-1 WATT 
R l6 = I -MEGOHM VOLUME CONTROL 
R, 8 = 30000 OHMS, O.IWATT 
R20= 410 OHMS, I WATT 
T|,T2=I-F TRANSFORMERS 
T 3 = OUTPUT TRANSFORMER, 

LOAD RESISTANCE 7000 OHMS 
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(D) 



^7 PEhlTAGRID CONVERTER 
TYPE 6A8 



A-C AND D-C SUPERHETERODYNE RECEIVER 

POWER OUTPUT 2 WATTS 



BEAM POWER AMPLIFIER 
TYPE 25L6 




w 



SERIES- HEATER CIRCUIT 



C = 50-200 MMf 

Cj,C 5= GANGED TUNING CONDENSERS 
C2,C3,Cg,C|4 = 0.05 JL»f 
Ca = 50 p.±lf 

Ce.Cn =o.oi jjf 

C7 = OSC1LLATOR PADDING CONDENSER 

C8=&Mf, 200 V- 

Co=IOOMMf 

Ci2=0.07jif 



FUSE 



Cl3,C l5 = 0.5JJf 
C|6.C|7 = 40 JjLf, 200 V. 
Cis =0.01 U-f 

R l,Rt3.R|5tRl6 = 100000 OHMS, 0.1 WATT 
R2,R8.R|4= 50000 OHMS, 0.' WATT 
R3,R 4 = 15000 OHMS, 0.| WATT 
R5=!0 000 OHMS, 0.5 WATT 
R6.R7'R|I<R|2= I MEGOHM 
R9=200000 OHMS VOLUME CONTROL 



R|0 = 500000 OHMS, 0.1 WATT 
R|7,R|8=25O0O0 OHMS, 0.1 WATT 
R|9 = I25000 OHMS, O.IWATT 
R20=I50 OHMS, 15 WATTS 
L| = SPEAKER FiELD,3000 OHMS, 100V. 
L^~ FILTER CHOKE, RESIST. 200 OHMS, 

INDUCT. AS LARGE AS PRACTICAL 
T|,T2=I-F TRANSFORMERS 
T3 = OUTPUT TRANSFORMER 



(E) 



BATTERY-OPERATED SUPERHETERODYNE RECEIVER 
WITH DELAYED AVC-FOR DRY-BATTERY A- AND B-SUPPLY 



PENTAGRID 
CONVERTER 
TYPE IC6 



I-F AMPLIFIER 
TYPE 34 



DIODE DETECTOR, DAVC, 
AUDIO AMPLIFIER 
TYPE IB5/25S 



AUDIO 
AMPLIFIER 
TYPE 31 



POWER 
AMPLIFIER 
TYPE 19 




Ci = 50 - 200 JJ.JJf 

C2,C6.C|0- GANGED TUNING CONDENSERS 
C3,C7.C|4.Ci5,Ct6.C2i =.05 JJf 
C4,C5,Ce,C|2 = O.IJJf 
Cg = 0.00005 HF 

C|| = OSCILLATOH PADDING CONDENSER 
Ci3 = l-0jJf 
C|7.C|6= lOO^jjf 
C19 = 250 JJJJf 



C?o = 0-25 JAf 

R|,R4,R7 = 100000 OHMS, 0 I WATT 
R2 - 5000 OHMS, 0-1 WATT 
R3 = 10000 OHMS, 0.1 WATT 
R5.R9,Rl2.Rl3 = 50000 OHMS, O.IWATT 
Ro = 20000 OHMS, 0.1 WATT 
R3 = 2 MEGOHMS, 01 WATT 
RlO = 200000 OHMS, 01 WATT 



Rh = i-MEGOHM VOLUME CONTROL 

Rl4 = I MEGOHM, 0-1 WATT 

S],S2= D-P.S.T. SWITCH ON VOLUME 

CONTROL 
T|,T2 = I-F TRANSFORMERS 
T3= DRIVER TRANSFORMER 

RATIO PR1. TO V z SEC=I53M 
T 4 - OUTPUT TRANSFORMER 
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(F) 



BATTERY- OPERATED SHORT-WAVE RECEIVER 
2.0-\.OlT TYPES 




C|,C2 : lOOjJfif MIDGET TYPE 

Cj,C 4 - 35 UU-F MIDGET T YFE 

C^Ce.CyXu = 0.05 pf 

Ca.CiQ = 0.00O25 JJf 

Cg = t JJf, 100 V. 

R . = 3 000 OHMS, 0-1 WATT 



500030- ohm potentiometer, 
a-f volum: contro- 

L|,L2,L3= B-MILLIriENRY R-F CHOKE 

L 4 = 300-530 HENRv CHOKE 

Ti -OUTPUT TRANSFORMER FOR 

A SINGLE 33 
Si = D-P.S.T. BATTEL SWITCH 



(G) 



BATTERY-OPERATED SUPERHETERODYNE RECEIVER 

FOR VIBRATOR B-SUPPLY 



PENTAGRID 
CONVERTER 
TYPE IA6 



DETECTOR, AVC, 
AUDIO AMPLIFIER 
TYPE IF 6 

CaJ_[( 



POWER 
AMPLIFIER 
TYPE 49 




A- A+ -2V. C+ -9V. 



C = 50 - 200 p-Uf 

C|,C5,C9= GANGED TUNING CONDENSERS 
C2,C6,C|3,C[6 = 0.05 JUf 
C3,C4,C(0,C||,Ci2,C|4,C|5= 0.1 U-f 
C7 = 0-00005 JUf 

C8 = 0SCILLAT0R PADDING CONDENSER 
C|7,C 2 |= 100 JJJJf 
C|8,Ci9 = 0.25Mf 

C2o =00025 jjjf 



C22 = 0-005 JJf 

R|,R2,R 4 ^9,R|0,Ri8 = 100000 OHMS, 0.1 WATT 

R3,R|| = 5000 OHMS, I WATT 

R5,R|3 = 50000 OHMS, 0-1 WATT 

R6 = 200O0 OHMS, 0.1 WATT 

R7 = 30 000 OHMS, I WATT 

Rfi= 1000 OHMS, 0.1 WATT 

R|2= 2 MEGOHMS 



R|4.R|7= 250000 CHMS,0.I WATT 
Rl5»Rl9 = 1 MEGOHM 
R|6= 800000 OHMS.O.I WATT 
Sl,S2= D.P.5.T. SWITCH ON VOLUME 

CONTROL 
T|,T2=I-F TRANSFORMERS 
Ti = CLA5S B INPUT TRANSFORMER 
T4 = CLASS B OUTPUT TRANSFORMER 
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H) 



HIGH-POWER AUDIO- FREQUENCY AMPLIFIER 
CLASS AB2 6L6*S, OUTPUT 55 WATTS 




Ci.Ce = 25yf, ?iv. 
<-2 = 0.015 uf, iOOOV. 
C3 = i4p-f, 450 v. 

Ri = 0-5 MEGOHM 



HZ - 6SO OHMS, O.l WATT 
R3 = 5000 OMMS, 20 WATTS 
F?4 = 60000 OHMS, 5 WATTS 
R&= 3500 OHMS, JO WATTS 
R6 = ZOO OHMS, 5 WATTS 



i_l = 5 HENRIES AT 220 MA ., 50 OhmS OR LESS 
i_2 = 20 HENRIES AT 150 MA , 100 OHMS OR LESS 
T| = INPUT TRANSFORMER FOR CLASS AB2 6L6*S 
l?=OUTPUT TRANSFORMER, 

PLATE - TO - PL ATE LOAD 3800 OHMS* 
T"3,T4 = POWER TRANSFORMERS 



O) 



NON-RADIATING REGENERATIVE SHORT-WAVE RECEIVER 



A-F AMPLIFIER POWER AMPLIFIER 

TTPE 6C5 TYPE 6F6 




C|,C2 = 35JJI^ir MIDGET TYPE 
C3.C4 = 100 Jijif W DGET TYPE 
C5,C6,C7 = O.0l^if MICA TYPE 

ce = o.i 

C9,Cio = 0.00025|ir MICA TY=E 
C||= IjJf, 200V. 

C|2,C|3= 8-25,Uf ELECTROLYTIC, 25 V 
R| = 230 OHMS, O.IWATT 
R 2 = 10000-OHy WIRE-WOUND 
PC TENT IOMETER 



R3= 100000 OHMS, I WATT 
R4= 50000 0HM5, I WATT 
R5 = 2-5 MEGOHMS, 0.1 WATT 
R6 = 250000 OHMS) I WATT 
R7 = l MEGOHM, 0.1 WATT 
R8= 1000 OHMS, I WATT 
Rg = 15000 OHMS, 5 WATTS 
R|0=5O0OO-OHM POTENTIOMETER, 
REGENERATION CONTROL 



R11 = 5000 Ohms, i watt 

Rl2 = l00000-OHM VOLUME CONTROL 

R|3=670 OHMS, I WATT 

Sf= S.P.S.T. SWITCH 

L| = 8-MILL1HENRY R-F CHOKE 

L2= 300-500 HENRY A-F CHOKE 

T, = INTERSTAGE TRANSFORMER, 

3: I STEP-UP TURNS RATIO 
T 2 = OUTPUT TRANSFORMER 
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(K) 



VOLUME EXPANDER USING TYPE 6L7 
FOR USE IN A PHONOGRAPH AMPLIFIER 




C|.C^C 5 = 0.lMf 
C2,C 4 .C6 = 0'5Mf 
Ri = I -MEGOHM POTENTIOMETER 
VOLUME-LEVEL CONTROL 
R Z = I MEGOHM 

R 3l R 6 = I00OO0 OHMS> I WATT 
r^i I- MEGOHM POTENTIOMETER 

EXPANSION CONTROL 
R 5 = I00O0 OHMS, 0-1 WATT 
Rl = 100000 OHM3, 0.1 WATT 
R & = 250000 OHMS, 0.1 WATT 
Rg = 500000 OHMS, 0-1 WATT 

NOTE -ALL T£RVilNA_ POINTS 
ON POWER UN T SHOULD BE 
ADEQUATELY BY-PASSED. 



FOR DISCUSSION OF THIS CIRCUIT SEE PAGE 23 



NON-MOTORBOATING RESISTANCE- COUPLED AMPLIFIER 
VOLTAGE GAIN = 9000 




xi c 4=l r — ° 



+ 150 TO 450 V. 



C|,C 4 = 8 Pf, LOW VOLTAGE 

C2,Cs= 0.06 JJ-fj VOLTAGE RATING AS HIGH 

AS VOLTAGE SUPPLY 
C3,C6=0.006Mf, VOLTAGE RATING AS HIGH 

AS VOLTAGE SUPPLY 
R| = VOLUME-CONTROL POTENTIOMETER 
«2,R6=6C0 OHMS, 0.1 WATT 
«3.R7,R9 = 500000 OHMS. 0.5 WATT 
R4.RB = IOD0OO OHMS, 0.1 WATT 
R5 = 5O00O0-OHM VOLUME -CONTROL 

POTENTIOMETER GANGED WITH R| 
F = 0ECOUPLING FILTER 



NOTE— Value of resistance and capacitance shown m this circuit ue taken from the Chart in the 
Rc^ce-Coiled Amplifier Section. The values in this chart are chosen to give a sharp low^ 
faSueSy cut-off and, thus, to minimize tendency of multiple stages to motorboat Three or more 
22eT including power stage, operated from a common B supply may require a < Mbs 
^plate^upprf fcads of one or more of the voltage amplifier stages. The constants of decoupling 
ihers depend on the design requirements of the amplifier. 



CM) 



AUDIO AMPLIFIER FOR USE ON 1 15- VOLT D-C LINE 

CLASS A i — POWER OUTPUT, 4 WATTS* 



PHASE INVERTER 
TYPE 6N7 




Ci,C2 = 0.006 JJ-F 
C;j=25Pf,LOW VOlTAGE 
C4= 0-O35MF 
C5,C 6 = 2Mf, 150 v. 
C 7 = 4jjf, 150 V. 

Rl = 5O00O0-OHM VOLUME CONTROL 
R2= 5000 OHMS, 0-1 WATT 
R 3 ,fi 4 = 250000 OHMS.O-t WATT 
Re,; 475000 OHMS, 0.1 WATT 
Rg " 23000 OHMS, 0. 1 WATT 
R7 =500000 CHMS,0 i WATT 
= 70 OHMS, I WATT 
: 4000 OHMS, 2 WATTS 
R, 0 = 75 OHMS, 50 WATTS 
Rl, = 100 OHMS, 25 WATTS 
L|= FILTER CHOKE, 10 HENRIES 

AT 125 MA., 60 OHMS 
l_2 - SPEAKER FIELD, 110 VOLTS 0-C 
T - OUTPUT TRANSFORMER, 

PL ATE -TO- PLATE LOAD 3000 OHMS 
"SIGNAL VOLTAGE INPUT FOR FULL 
POWER OUTPUT = 0.34 VOLTS PEAK. 



r 8 = 
* 9 = < 
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(N) 



TWO-CHANNEL AUDIO MIXER 

VOLTAGE GAIN FROM EACH GRID OF 6N7 TO OUTPUT IS APPROXIMATELY 9 
TYPE 6N7 




UT TO 
) OF 
STAGE 



HIGH- GAIN SINGLE -TUBE PHASE INVERTER 

TOTAL VOLTAGE AMPLIFICATION OF 6F5 = 60 




C 6 = SOMUf 1 +250 V 

C7= IOC- TO 500 pjj.f (R-F 3Y-PA55 CONDENSER) 
NOTE - FOR PROPER PHASE INVERSION, THE CAPACITANCE TO GROUND ACROSS Re SHOULD BE NOT LARGER 



THAN ~HAT ACROSS HENCE, ALL LEADS BE Tl .\'EEN THE 6H6 AND THE 6F5 SHOULD BE SHORT 



Q) 



DOUBLE - BUTTON MICROPHONE PRE -AMPLIFIER 

VOLTAGE AMPLICATION = 200* 
T, TYPE 6C5 TYPE 6C5 



I — kSiSiSU- 




Ci.C 2 = O.Oi JJ-f. LOW VOLTAGE 
C3:8^Jf.LOW VOLTAGE 
C 4 ,C7=2 JJ-f. 350V. 
0^ = 0.1 JUt". 350 v. 

C6:8(Jf. LOW VOLTAGE 
C 8 = l JJ^- 300 V 

Rl = 2000HM WIRE-WOUND POTENTIOMETER 

= 250000 OHM VOL UME - CONTROL POT EN"! IOMETER 
R3.R7 = 2200 OHMS- O.I WATT 
R/j,Rg =50000 OHMS, 0.5 WATT 



RS.Re^'OOOO OHMS. O.I WATT 

Rfc = 0.5 MEGOHM, O.i WATT 

Li, L 2 = 8 MILLIHENRY R-F CHOkE 

T, = MICROPHONE INPUT TRANSFORMER 

T 2 = OUTPUT COUPLING TRANSFORMER 

Jl.J2=5iNGLE-CLOSED-CiRCUlT JACK 

Si = S-P.S.T. SWITCH 

A = 6-I2V. MICROPHONE BATTERY 

M = DOUBLC -BUTTON M ICROPHONE 



*TUBES ONLY: DOES NOT INCLUDE TRANSFORMER Gain 
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(R) 



CLASS B AMPLIFIER FOR PORTABLE USE 
POWER OUTPUT 10 WATTS 




Ci = l.3JJf, LOW VOLTAGE 
Q = 0.5Mf 
C3 = 0.0l6 iJf 

C4=25 Jif> LOW VOLTAGE 

P|=500-OHM WIRE-WOUND POTE NTiOMETER 
R2= 500000-OHM VOLUME -GONTPOL oOTENTiQV 
R3=5000 OHMS, 0.1 WATT 
R4 - '00 000 OHMS, 0 5 WATT 
R5 = 50 000 OHMS, 0.5 WATT 



Rg- 250000 OHMS, Ci WATT 

R? = 9C0 OHMS, 0.1 WATT 

M = DOUBLE -BUTTON MiCRO^-On* 

S = MICROPHONE AND HEATER 

SWITCH 

T ; = ■ 1 v1iCR0°H0n: INPUT TRANSFORMED 
^^CLASS B INPUT "TRANSFORMER 
'3 -CLASS 9 O'v'^LT t 3 ANS r ORVE 3 



(S) 



CLASS A AUDIO - 1- FREQUENCY AMPLIFIER 

OUTPUT 12 WATTS 




C-i = 0.1 pf R ^ = 0.5- 1 MEGOHM 

C2= 5.U.f.25V. R2= 2200 0HMS.1WATT 

C 3 = 2 U.F, 350V. R 3 = I0O-OHM POTENTIOMETER 

C4 = 0.5 pf R 4 = 5000 OHMS.1 WATT 

C 5 = 25 Uf, 75 V. R S = 50000 OHMS, 1 WATT 

Cg =* 10 ^f, 400V. R 6 = 345 OHMS, 15 WATTS 

C7 = 8 >if,350V. R 7 = 2560 OHMS. 10 WATTS 

NOTE; A SPEAKER SPECIALLY DESIGNED FOR HIGH POWER IS RECOMMENDED. 

CIRCUIT CONSTANTS SHOULD CLOSELY APPROXIMATE THOSE GIVEN A30VE. 



L t - FILTER CHOKE; 12 HENRIES AT 175 MA.,60 OHMS 
L2= FILTER CHOKE; 30 HENRIES AT 95 MA.,515 OHMS 
L 3 = SPEAKER FIELD! 2500 OHMS, 125 V. 
T, — PLATE -TO- PUSH -FULL-GRID INPUT TRANSFORMER 
T 2 = OUTPUT TRANSFORMER 

T^= POWER TRANSFORMER HAVING GOOD VOLTAGE- 
REGULATION CHARACTERISTICS 
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Amplification Factor 12 

Amplifier : 

audio-frequency 14, 16 

audio mixer 184 

Class A 14, 16 

Class AB 14, 20 

Class B 14, 20 

Class C 14 

inverse- feedback 14, 21, 178, 179 

parallel 17 

phase-inverter 24, 184 

push-pull . . . 17 

radio-frequency 14, 16 

resistance-coupled a-f conditions. .174 

super-control 10 

volume-expander 23, 183 

Anode 7 

Anode-Grid 32 

Arc-Back Limit 13 

Automatic Volume Control (AVC)... 28 

Beam Power Tube Considerations. ... 10 
Bias : 

battery 35 

diode 27 

self 35 

Calculation of: 

amplification factor 12 

filament resistor power dissipation 33 
filament (or heater) resistor value 33 

harmonic distortion, 2nd 18, 19 

load resistance 17, 18 

operating conditions from 

conversion curves 19 

plate resistance 12 

power output (push-pull triodes, 

Class A) 19 

power output (single pentode and 

beam power tube) 19 

power output (single trlode) 17 

self-bias resistor 35 

transconductance 12 

voltage amplification (gain) 15 

Carrier Wave 26 

Cathode : 

coating 5 

connection 34 

current 35 

directly heated 5 

indirectly heated 6 

resistor 35 

Center-Tap Resistor 35 

Characteristics : 

amplification factor 12 

control-grid — 

plate transconductance 12 

conversion transconductance 13 

dynamic 12 

mutual conductance 12 

plate resistance 12 

static 12 

Choke-Input Filter 37 

Circuit Diagram of: 

audio mixer 184 

avc 28 

davc 29 

duplex-diode pentode 27, 67 

duplex-diode trlode 27, 164 

emission test 171 

full-wave rectifier 25 

half-ware rectifier 25 

high-gain a-f amplifier 183 



Fagt 

inverse feedback 21, 22, 178, 170 

microphone pre-amplifier 184 

oscillator §1 

pentagrid converter 47, 56 

phase inverter 24, 184 

power amplifier 182, 183, 185 

power output test 173 

resistance-coupled amplifier 183 

short-circuit test 171 

short-wave receiver 181, 182 

superheterodyne 

receiver 178, 179, 180, 181 

transconductance test 172 

tuned r-f receiver 179 

voltage-doubler rectifier 26 

volume expander 183 

Condenser-Input Filter 37 

Conversion Curve, Use of 19 

Conversion Transconductance 13 

Corrective Filter 23 

Cross-Modulation 16 

Current : 

cathode 35 

grid 20, 21 

peak plate 13 

plate 7 

Cut-off 14 

Delayed Automatic Vol. Control 

(DAVC) 29 

Demodulation 26 

Detection : 

diode 26 

grid -bias 28 

grid leak and condenser 28 

Diode: 

biasing 27 

considerations 7 

detection 26 

load resistor 26 

Driver Tube 20, 21 

Duplex Diode: 

pentode 11 

triode 11 

Dynamic Characteristics 12 

Electron: 

considerations 5 

secondary 9, 10 

Electron-Ray Tubes 11, 30, 73, 81 

Emission : 

current 7 

secondary 9, 10 

test 7, 171 

Feedback : 

inverse 21, 179, 180 

undesired 36, 37 

Filament (see Heater and Cathode) : 

operation 33 

resistor, power dissipation of 33 

resistor, value of 33, 34 

series operation 34 

supply voltage 33 

Filter : 

choke-input 37 

condenser-input 37 

corrective 23 

radio-frequency 37 

resistor 37 
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Formulas (see Calculation) 

Frequency Conversion 31 

Gain 15 

Grid: 

anode 32 

bias 35 

bias detection 28 

considerations 8 

current 20, 21 

input impedance 15 

leak and condenser detection 28 

resistor 15, 28. 174 

voltage supply 35 

Grid-Plate Capacity 9 

Grid-Plate Transconductance 12 

Harmonic Distortion : 

cancellation of 2nd 17 

determination of 18, 19 

Heater : 

cathode 5 

cathode bias 34 

cathode connection 34 

parallel operation 33, 34 

resistor power dissipation 33, 34 

resistor value determination 33, 34 

series operation 34 

shunt resistor 34 

supply voltage 33 

Interelectrode Capacity 9 

Input Filter-Choke 38 

Input Filter-Condenser 38 

Instantaneous Peak Voltage 38 

Intermediate Frequency, 

production of 31 

Inverse-Feedback Circuits 21, 178, 179 

Ionization 8 

Load : 

line 17 

resistance 15, 18 

Mercury-Vapor Rectifier 8 

Mho 13 

Micromho 13 

Mixer, audio 184 

Mixer, pentagrid 32 

Modulation 26 

Modulation Distortion 16 

Multi-Electrode Tubes 10 

Multi-Unit Tubes 10 

Mutual Conductance 

(see Transconductance) 

Oscillator 31 

Output : 

coupling 38 

plate load 15, 18 

power 17 

Parallel Operation of Tubes 17 

Peak Inverse Voltage 13 

Peak Plate Current 13 

Pentagrid Converter 32 

Pentagrid Mixer 32 

Pentode Considerations 9 

Phase Inverter Circuits 24, 184 

Plate : 

current 7 

load 15, 18 



Page 

plats-to-plate load resistance 

(triodes) 1° 

resistance 

voltage supply *> 

Power Output: 

calculation of \is 

Class A test for ™ 

Class B test for 173 

Push-Pull Operation of Tubes 17 

Radio- Frequency : 

amplifier 14, 1*> 

filter 37 

Reading List Inside back cover 

Rectifier : 

full- wave .7, 25 

half-wave 7, 25 

voltage-doubler "5 

Resistance Coupling 15 

Resistance-Coupled Amplifier. . .174, 183 
Resistor : 

cathode 35 

center- tap 35 

filament - 33, 34 

filter 37 

grid 15, 28, 174 

plate load 15, 174 

screen 36 

self-biasing 35 

Saturation Current 8 

Screen: 

considerations 9, 10 

voltage supply 36 

Secondary Emission 9, 10 

Self-Bias 35 

Shielding 36 

Short-Circuit Test 171 

Space Charge 7, 8 

Static Characteristics 12 

Super-Control Tube 16 

Suppressor 9, 10 

Testing Radio Tubes 171 

Tetrode Considerations 9 

Transconductance : 

conversion 13 

dynamic test for 172 

grid-plate 12 

grid -shift test for 172 

Triode Considerations 8 

Tube: 

classification by use and by 

cathode voltage 39 

testing 171 

Tube Materials Chart 170 

Tube Types: 

all-metal, and glass types 40 

octal-base, glass-bulb types 

(G types) 188 

Tuning Indicator 30, 73, 81 

Voltage: 

amplification 14 

doubler rectifier 25 

peak inverse 13 

Voltage Conversion Factor 20 

Volume Control: 

automatic 28 

by grid-voltage variation 36 

by screen-voltage variation 36 

Volume-Expander Circuit 23, 183 
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RCA G-TYPE RADIO TUBES 



(OCTAL-BASE, GLASS-BULB TYPES) 

In addition to the types of tubes shown on the preceding pages, the following 
octal-base, glass-bulb types are also available. These types are identified by the 
letter "G" following the type number. For each of these types, the corresponding 
glass or metal types are indicated below, together with socket connections and overall 
dimensions. Characteristics data for the G-types, except for some differences in 
capacity values, are the same as those for the corresponding types. Socket connection 
diagrams are shown on page 191. 

NOTE: Certain G-types have an internal shield which is brought out to Pin No. 1. Socket connections 
for such types designate Pin No. 1 as SHIELD. For G-types without SHIELD connections, Pin No. 1 
is marled NC. Other symhols on socket diagrams are explained in the KEY TO TERMINAL 
DESIGNATIONS OF SOCKET CONNECTIONS on page 39. 



G 'ScTlES 








Max. 


Ov 


erall 


Corresponding 


Socket 


Dimensions 


Type 


Glass T"vrc 


^r^ctlil Type 


Connections 


Length 






1C7-G 


1C6 




\J' 1 £-1 


4W 


X 


1%6" 


1D5-G 


1A4 




\j ' j i 


4W 


X 


l%e" 


1D7-G 


1A6 


— 


G-72 


41% 2 " 


X 


l%e" 


1ES-G 


1B4 


— 


G-5Y 


4!% 2 " 


X 


l%e" 


1E7-G 


§ 


— 


G-8C 


4%" 


X 


1%6" 


1F5-G 


IF4 


— 


0-o.a. 


4%" 


X 


i 13 A 8 * 


1F7-G 


1F6 




G-7AD 


4 1 % 2 " 


X 


1%6" 


1H4-G 


30 




G-5S 


4Vs" 


X 


1%6" 


1H6-G 


1B5/25S 


— 


G-7AA 


4Va" 


X 


1%6" 


1J6-G 


19* 


— 


G-7AB 


4%" 


X 


l%e" 


5U4-G 


523 


— 


vj t 


5 5 ie" 


X 


2%e" 


5V4-G 


83-v 






4%" 


X 




5X4-G 


523 




G-5Q 


5%e" 


X 


IVie" 


5Y3-G 


80 






4%" 


X 




5Y4-G 


80 




VJ- JV^ 


4%" 


X 


1W 


6A8-G 




6A8 


G-8A 


4W 


X 


1%6" 


6B8-G 




6B8 


See bottom page 192 


4!%2" 


X 


1%6" 


6C5-G 




6C5 


G-6Q 


4%" 


X 


1%6" 


6DS-G 


See data on 


page 189 


G-8A 


4W 


X 


1% 6 " 


6F5-G 




6F5 


G-5M 


4W 


X 




6F6-G 




6F6 


G-7S 


4%" 


X 


l 13 Ae" 


6H6-G 




6H6 


G-7Q 


4%" 


X 


1%6" 


6J5-G 


See 6J5, 


page 192 


G-6Q (6J5-G)J 


4%" 


X 


l%e" 


6J7-G 




6J7 


G-7R (6J7-G) 


41% 2 " 


X 


1%6" 


6K5-G 


See data on 


page 189 


G-5U 


4%" 


X 


1%6" 


6K6-G 


41 




G-7S 


4W 


X 


1%6" 


6K7-G 




6K7 


G-7R (6K7-G) 


4W 


X 


1%6" 


6L5-G 


See data on page 189 


G-6Q 


4%" 


X 


1%6" 


6L6-G 




6L6 


G-7AC 


5%e" 


X 


2%6" 


6L7-G 




6L7 


G-7T 


4i% 2 " 


X 


1%6" 



*, §, #: see next page. 
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RCA RECEIVING TUBE MANUAL 



Max. Overall 

G -Series Corresponding 
Type Glass Type Metal Type 

6N7-G — 6N7 

6Q7-G — 6Q7 

6R7-G — 6R7 

6S7-G Sec data on page 189 

6T7-G See data on page 190 

6V6-G See data on page 190 

6X5-G — 6X5 

25A6-G — 25A6 

25B6-G See data on page 190 

25L6-G — 25L6 

2 526-G — 25Z6 

» Except that filament current is 0.24 ampere. § Two lF4's in the same bulb, with a common screen 

connection. 

t Same as G-6Q except that Pin No. 1 has no connection. # Pin No. 1 has no connection. 



Socket 


Dimensions 


Connections 


Length 


X 


Diam. 




4%" 


X 




G-7V 


4 1 %2" 


X 




G-7V 


4 1 %2" 


-X 




G-7R (6K7-G) 


4%" 


X 


1 <V " 


G-7V 


4 a %2" 


X 




G-7AC 


aWc" 




I^r" 

A / LU 


G-6S 


4%" 


X 


l%e" 


G-7S 


4%" 


X 


W 


G-7S 


4%" 


X 


l 13 Ae" 


G-7AC 


4%" 


X 


lW 


G-7Q# 


4%" 


X 





RCA-6D8-G: 

Heater Voltage 

Heater Current 

Plate Voltage 

Screen Voltage (Grids No. 3 
and 5) 

Anode-Grid Supply Voltage 
(Grid No. 2) 

Control-Grid Voltage (Grid 
No. 4) 

Oscillator-Grid Resistor (Grid 
No. 1) 

Cathode Current 

Plate Resistance 

Conversion Conductance 

Control-Grid Voltage, Ap- 
proximate (Conversion 
Conductance = 10 nmhos) 
t Anode-grid supply voltages in excess of 200 
resistor bypassed by O.l'/jf condenser. 



135 


6.3 a-c or d-c 
0.15 

250 max. 


Volts 

Ampere 

Volts 


67.5 


100 max. 


Volts 


135 


250t max. 


Volts 


-3 


-3 min. 


Volts 


50000 
8 
0.4 

325 


50000 
13 
0.32 
500 


Ohms 

Milliamperes 

Megohm 

Micromhos 


-25 


-38.5 


Volts 



volts require the use of 20000-ohm voltage-dropping 



RCA-6K5-G: Similar to triode section of 6Q7. 

Heater Voltage 6.3 6.3 a-c or d-c Volts 

Heater Current 0.3 0.3 Ampere 

Plate Voltage 100 250 Volts 

Grid Voltage -1.5 -3 Volts 

Amplification Factor 70 70 approx. 

Plate Resistance 78000 50000 approx. Ohms 

Transconductance 900 1400 Micromhos 

Plate Current 0.35 1.1 Milliamperes 

RCA ~ 6L Heater Voltage 6-3 6.3a-eord-c Volts 

Heater Current 0.15 0 15 A - m ,?= re 

Plate Voltage 135 250 Volts 

Grid Voltage -5 -9 Volts 

Amplification Factor 17 IT 

Plate Resistance 11300 9000 Ohms 

Transconductance 1500 1900 Micromhos 

Plate Current 3.5 8 Milljamperes 

Grid Bias (for cut-off) -11 -20 Volts 

T^O/J^ 6S7 Or * 

Heater Voltage 6-3 6.3 a-c or d-c Volts 

Heater Current 0.15 0.15 ^P ere 

Plate Voltage 135 250 max. Volts 

Screen Voltage 67.5 100 max. Volts 

Grid Voltage -3 -3 Volts 

Suppressor Connected to cathode at socket 
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RCA RECEIVING TUBE MANUAL 



Amplification Factor 

(Approx.) 850 1100 

Transconductance 1250 1750 

Plate Current 3.7 8.5 

Screen Current 0.9 2.0 

Grid Voltage (For transcon- 
ductance = 10 micromhos) -25 -38.5 



Micromhos 

Milliamperes 

Milliamperes 

Volts 



KCA-6T7-G: 

Heater Voltage 

Heater Current 

Plate Voltage 

Grid Voltage 

Amplification Factor 

Plate Resistance 

Transconductance . . . 
Plate Current . 



135 
-1.5 
65 
65000 
1000 
0.9 



6.3 a-c or d-c 
0.15 
250 
-3 
65 
62000 
1050 
1.2 



Volts 
Ampere 
Volts 
Volts 

Ohms 
Micromhos 
Milliamperes 



The two diodes of this type are similar to those of other duplex-diode triode 
types. Diode biasing of this type is not recommended. 



KCA-6V6-G: 

Heater Voltage 
Heater Current 



6.3 a-c or d-c 
0.45 



Volts 
Ampere 



As Single-Tube Class Ai Amplifier (With Fixed Bias) : 
Maximum Ratings: 

Plate Voltage 

Screen Voltage 

Plate and Screen Dissipation (Total) # 
Typical Operation: 

Plate Voltage 

Screen Voltage 

Grid Voltage§ 

Peak A-F Grid Voltage 

Zero-Signal D-C Plate Current 

Max.-Signal D-C Plate Current 

Zero-Signal D-C Screen Current 

Max.-Signal D-C Screen Current 

Load Resistance 

Total Harmonic Distortion 

Second Harmonic Distortion 

Third Harmonic Distortion 

Max.-Signal Power Output 



Maximum Ratings: 

Plate Voltage 

Screen Voltage 

Plate and Screen Dissipation (Total)# 
Typical Operation (Two Tubes) Values are !o 

Plate Voltage 250 

Screen Voltage 250 

Grid Voltage! -15 

Peak A-F Grid-to-Grid 

Voltage 

Zero-Signal Plate Current... 
Max.-Signal Plate Current... 
Zero-Signal Screen Current. . 
Max.-Signal Screen Current. . 
Load Resist. (Plate-to-Plate) 
Total Harmonic Distortion. . . 
Third Harmonic Distortion. . . 
Max.-Signal Power Output. . . 
# Dissipation rating should not be exceeded with expected line-voltage fluctuation, especially in case 
of fixed-bias operation. 

§ Transformer' or impedance-coupling devices are recommended. Fixed bias may be used when the 
grid'circuit resistance does not exceed 0.05 megohm; with self-bias, the resistance may be as high as 0.5 
megohm provided the heater voltage does not fluctuate to exceed 7.0 volts. 



250 max. 


Volts 


S^O mn V 


Volts 


12.5 max. 


Watts 


250 


Volts 


250 


Volts 


-12.5 


Volts 


12.5 


Volts 


45 


Milliamperes 


47 


Milliamperes 


4.5 


Milliamperes 


6.5 


Milliamperes 


5000 


Ohms 


6 


Per cent 


4.5 


Per cent 


3.5 


Per cent 


4.25 


Watts 


!ias) : 




300 max. 


Volts 


300 max. 


Volts 


12.5 max. 


Watts 


two tubes: 




300 


Volts 


300 


Volts 


-20 


Volts 


40 


Volts 


78 


Milliamperes 


90 


Milliamperes 


h 


Milliamperes 


13.5 


Milliamperes 


8000 


Ohms 


4 


Per cent 


3.5 


Per cent 


13 


Watts 



30 
70 
79 
5 
12 
10000 
4 
3.5 
8.5 

'ith expected line-voltage fluctuation, 



RCA-25B6-G: 

Heater Voltage 
I!"-tPr Current 
l 'late Voltage . . 
Screen Voltage . 
Grid Voltage . . . 
Plate Current . . 
Screen Current 



Plate Resistance Subject to 

Transconductance 4000 

Load Resistance 2000 

Power Output (10% Distortion) 1.75 



25.0 a-c or d-c 
0.3 
95 
95 
-15 
45 
4 



Volts 
Amptere 
Volts 
Volts 
Volts 

Milliamperes 
Milliamperes 
considerable variation 
Micromhos 
Ohms 
Watts 



— 190 — 



RCA G-TYPE SOCKET CONNECTIONS 
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ADDITIONAL RCA GLASS and ALL-METAL TUBES 



Max. Overall 
Dimensions 

Type Description Socket Connections Length x Diameter 

5T4 All-Metal Full-Wave Rectifier Same as '5W4, p. 57 4-1/4" x 1-23/32" 

6J5 All-Metal Detector Amplifier „ a „ 

Triode Same as 6C5, p. 70 2-5/8" x 1- 5/16" 

6NS Electron-Ray Tube Same as 6G5, p. 81 4-3/16" x 1- 9/16" 

6U5 Electron-Ray Tube Same as 6G5, p. 81 4-3/16" x 1- 3/16" 

RCA-5T4: 

Filament Voltage 5.0 a-c Volts 

Filament Current 2.0 Amperes 

I A-C Plate Voltage Per Plate (RMS) 450 max. Volts 

Peak Inverse Voltage 1250 max. Volts 

D-C Output Current 250 max. Milliamperes 

A-C Plate Voltage Per Plate (RMS) 550 max. Volts 

Peak Inverse Voltage 1550 max. Volts 

D-C Output Currant 250 max. Milliamperes 

Base Large Wafer Octal 5-Pin 

* Permissible only with filter circuits having an input choke of at least 10 henrys. 



RCA-6J5: 

Heater Voltage 6.3 a-c or d-c 

Heater Current 0.3 

Plate Voltage 250 max. 

Grid Voltage 0 -8 

Amplification Factor 20 

Plate Resistance 7700 

Transconductance 2600 

Plate Current 9 

Grid-Plate Capacitance (shell tied to 

cathode) 3.4 

Grid-Cathode Capacitance 3.4 

Plate- Cathode Capacitance 3.6 

Base Small Wafer O' 

° The d-c resistance in the grid circuit should not exceed 1 .0 megohm. 



Volts 
Ampere 
Volts 
Volts 

Ohms 

Micromho3 
Milliamperes 



tt«f 
««f 



RCA-6N5: 

Heater Voltage 

Heater Current 

Plate- and Target-Supply Voltage. . . . 

Series Triode-Plate Resistor 

Triode-Plate Current (For zero triode- 
grid veltage) 

Triode-Grid Voltage (For shadow- 
angle of 0") 

Triode-Grid Voltage (For shadow 
angle of 90°) 

Bulb 

Base 

RCA-6U5: The electrical characteristics of this type are identical with those of 
type 6G5. The 6U5 has a tubular (T-9) bulb and small 6-pin base. 



6.3 


Volts 


0.15 


Ampere 


135 max. 


Volts 


0.23 


Megohm 


0.5 


llilliampere 


-12 


Volts 


0 


Volts 


ST 


-12 


Small 


6-Pin 
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READING LIST 



• 

The following list of radio references gives texts of both elementary and 
advanced character. Obviously, the list is not inclusive, but it will guide the 
reader to other references. 

Chaffee, E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill Book 
Co., Inc. 

Duncan and Drew. Radio Telegraphy and Telephony. John Wiley and 
Sons, Inc. 

Ghirardi, Alfred A. Modern Radio Servicing. Radio and Technical Pub- 
lishing Co., Inc. 

Gulliksen and Vedder. Industrial Electronics. John Wiley and Sons, Inc. 

Henney, Keith. Electron Tubes in Industry. McGraw-Hill Book Co., Inc. 

Henney, Keith. Principles of Radio. John Wiley and Sons, Inc. 

Henney, Keith. Radio Engineering Handbook. McGraw-Hill Book Co., Inc. 

Jones, Frank C. Jones Radio Handbook. Pacific Radio Publishing Co., Inc. 

Lauer and Brown. Radio Engineering Principles. McGraw-Hill Book Co., 
Inc. 

McIlwain and Brainerd. High-Frequency Alternating Currents. John 
Wiley and Sons, Inc. 

Morecroft, J. H. Electron Tubes and Their Applications. John Wiley and 
Sons, Inc. 

Morecroft, J. H. Principles of Radio Communication. John Wiley and 
Sons, Inc. 

Moyer and Wostrel. Radio Handbook. McGraw-Hill Book Co., Inc. 

Moyer and Wostrel. Radio Receiving Tubes. McGraw-Hill Book Co., Inc. 

Pender, Harold. Handbook for Electrical Engineers — Communications and 
Electronics. John Wiley and Sons, Inc. 

Peters, Leo J. Thermionic Vacuum Tube Circuits. McGraw-Hill Book Co., 
Inc. 

Proceedings of the Institute of Radio Engineers (a monthly publication). 

Ramsey, R. R. Fundamentals of Radio. Ramsey Publishing Co. 

Terman, Frederick E. Radio Engineering. McGraw-Hill Book Co., Inc. 

The Radio Amateur's Handbook. American Radio Relay League. 

Underhill, C. R. Electrons at Work. McGraw-Hill Book Co., Inc. 

Van der Bijl, H. J. Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc. 

Zworykin and Wilson. Photocells and Their Application. John Wiley and 
Sons, Inc. 



